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NEW! EXCLUSIVE! UNEXCELLED 
in the ophthalmic field! 


H..O. V. specially designed 


VISIONAIRE 
— REFRACTION 
CABINET 


Designed by people who know ophthal- 
mologists’ needs, styled by a quality 
furniture maker. 44'' long x 15" deep x 
30"' high, in dark or platinum, or bionde 
: ash. Scratch and stain resistant formica 


top. 


All diagnostic instruments in one single tray, lying in 
grooves, with telephone-type coiled cords that retract 
automatically into cabinet. Illuminated trial lens tray 
holds all size lens sets. Has automatic shutoff. 


FINGERFLIP CONVENIENCE: 


3, 6, or 12 volts available for any type diagnostic instrument. Three |10-volt outlets re- 
cessed into back of cabinet for remote control of 110-volt instruments, Closing top lid 
automatically shuts off all power and protects instruments from dirt, or “cleaning lady" 
accidents 


EFFICIENCY BUILT RIGHT IN: 


Visit our Instrument Department, arranged for easy visual comparison of all instruments, 
in our new offices. 


“ House of Vision ™ 


137 NORTH WABASH e CHICAGO, 2 ILLINOIS 


Treatment Drawer contains built-in space for tonometer, cotton 
picker, 12 dropper bottles. Also has handy built-in waste container. 
Space provided for easy installation of controls of the new 
Visionaire automatic remote-control projector. 


FINGERTIP CONVENIENCE: 
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Outstanding 
Publications 
in the 

Field of 
Ophthalmology 


Monographs in American 

Lectures in Ophthalmology 
Edited by Donald J. Lyle, 
B.S., M.D., F.A.C.S. Professor 
of Ophthalmology, College of 


Medicine, University of Cincin- 


nati, Cincinnati, Ohio 


One of the 48 


Subject Divisions 


in the American 


Lecture Series 


Available Now... 


ANESTHESIA IN OPHTHALMOLOGY. By Walter 8. Atkinson, New 
York Univ. Assembles and makes easily available the generally accepted 
methods, Pub. 55, 108 pp., 47 il., (Amer, Lec, Ophthalmology), Lexide, $3.25. 


SYPHILITIC OPTIC ATROPHY. By Walter L. Bruetsch, Indiana Univ. 
“This book is written by a man who has studied many cases both clinically and 
pathologically. The subject is covered from every angle; its incidence in various 
types of neurosyphilis, and its relative incidence among optic atrophies from 


other causes.”-——J.A.M.A, 152:877, Pub. '53, 150 pp., 30 il, (Amer, Lee, Oph- 
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chanism Before and After Birth. By Arthur H. Keeney, Wills Eye Hosp., 


Philadelphia. Pub. °51, 32 pp. (74% x 954), 3 large gate-fold charts, (Amer. 
Lec, Ophthalmology), Paper, $2.50. 


CURRENT CONCEPTS OF DIABETES MELLITUS WITH SPECIAL 
REFERENCE TO OCULAR CHANGES, By L. Benjamin Sheppard, 
Med. Coll. of Virginia. A number of gross and histological colored slides are 
used to demonstrate the changes caused by diabetes not only in the eye but in 


other organs, Pub, '54, 106 pp., 10 il. (1 in color), (Amer, Lec. Ophthalmology), 
Lexide, $3.75. 


LENS MATERIALS IN THE PREVENTION OF EYE INJURIES, By 
Arthur Hail Keeney, Univ. Louisville. Analyzes the technical development of 
safety lens materials useful in spectacles and goggles to prevent mechanical 
injury, reports the author's experimental studies in various characteristics of 
each material and presents specific indications and contraindications for each 
lens. Commercially available lenses are identified by their type and _ their 


specific trade names, Pub. °57, 88 pp. (54% x 814), 26 il, (Amer. Lec. Ophthal- 
mology), Cloth, $3.50. 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor. Articles are accepted for publication on condition that they are contributed solely to this 
journal, 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a l-inch margin at 
each edge. Another carbon copy should be retained by the author. 


The main title of an article may not contain more than eighty characters and spaces; a 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medical 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 


If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the origina! publisher. 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted, Prints of a bluish tinge should be avoided. Large photomicrograph prints will be re- 
duced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
are to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
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“This 


is what 
we've been 
looking for’’... 
say leading Ophthalmologists. 
Developed with the valuable ad- 
vice of Dr. Harvey Thorpe, this 
all-new Bausch & Lomb instru- 
ment provides a degree of speed 
and precision in critical diagnosis 
heretofore unknown. Among 
many new features: 

One-hand “joystick’’ control, 
giving synchronized focus of mi- 
croscope and slit on any part of 
the eye... 

New “click-set” line-and-dot 
setting ... speeds examination... 

New wide-field microscope has 
long working distance and large 
field... 

High intensity light source and 
prefocused lamp, together with 
fluoride coated optics assures new 
brilliance and illumination. 

These are just a few of the 
features that have won such en- 
thusiastic approval of the new 
Bausch & Lomb Thorpe Slit Lamp 
at preliminary showings. Ask your 
distributor for a demonstration. 


new Bausch 
horpe Sit Lam 
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LIKE YOURS...” 


No, you are not really expected to think that our 7 
photographer just happened to come by this corner 
... With his camera all set, and the lighting just 
right... and that these youngsters just happened 
to be waiting there all wearing Shuron 

“Juniors” —including the Ronlady Jr. which 
had not even been announced. 


The pictures were taken, of course, of professional 
models . . . by a leading New York illustrator in 
his studio in a remodeled carriage house 

around the corner from Grand Central . . . 


What we’re leading up to is that when Betty, the 
charming little girl who is both of the “twins” (in 
different dresses and in separate exposures) was 
brought in by her mother to be fitted, she picked up 
her Ronbelle Jr., and exclaimed excitedly, 
“Ooooh, just like yours, Mommy!” 


Betty was right. For we feel that children’s frames 
should be just as fittable, and have just as much 

durability, and quality, and, yes, style, as any : 
grown-up’s. And that’s the way we make the ; 
Shuron “Juniors” —from left to right— 


Rondeb Browline Jr. ........... 40-18, 20, 22 
Ronbelle Browline Jr. ........... 40-18, 20, 22 
Ronsir Browline Jr.............. 38-18, 20, 22 


40-18, 20, 22,24 
Ronlady Jr. (and Ronlady Clear .. 40-16, 18, 20, 22 
Bridge Jr., not illustrated) 42-16 
in grown-up colors and temples 


So, when you select frames for small fry, remember 
that “Shuron”’ means “‘just like yours’ —but smaller. 


SHURON OPTICAL COMPANY, INC. 


Geneva, N. Y. 
Rochester, N. Y. 
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integrate 
your knowledge 
by reading these 
related specialty 


journals... 


PATHOLOGY 


A. M. A. 
Archives 
of 
INDUSTRIAL 
HEALTH 


A. M. A. 
Archives of 
INTERNAL 
MEDICINE 


A. M. A, 
Archives of 
DERMATOLOGY 


Designed to save 


you hours of reading 
time through visual pres- 
entations . . . to provide you 
with timely tips every month .. . 
to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 

Write for subscriptions to: 
AMERICAN MEDICAL ASSOCIATION 

535 North Dearborn Street 


Chicago 10, Ill. 
Dept. (PATH.) 


A. M. A. 
AMERICAN JOURNAL 
OF 
DISEASES OF 
CHILDREN 


integrate your knowledge— 


subscribe to 


A. M. A. Archives of 
PATHOLOGY 


of 


A. M. A. Archives 
INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 


to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, Ill. 


Begin my subscription(s) NOW, for: 
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prevent 

work loss 
from 

eye infections 
and 

injuries 


SULAMYD 


Ophthalmic Solution 30% 


Repeatedly Proved Effective in Industrial Eye Injuries— 
Reports covering over 16,000 industrial eye injuries 
treated with Sodium SULAMyYD show no work loss in 96 
to 99 per cent of the cases.’* And in patients treated pro- 
phylactically after removal of ocular foreign bodies “no 
infection occurred in any case.” 

Advantages of Sodium SULAMYpD in Industrial Practice 
Wide Range — effective against all common eye pathogens. 
Prompt Absorption—Excellent penetration of ocular 
tissues. 

Well Tolerated—Notable absence of irritation or sensiti- 
zation. 

No Resistance — Minimal tendency to bacterial resistance 
despite extensive use. 

for severe infections: Sodium SULAMYD Ophthalmic Solu- 
tion 30%. 5 cc. and 15 cc. dropper bottles. 

for mild and moderate infections and prophylaxis: Sodi- 
um SULAMYD Ophthalmic Solution 10% with Methylcel- 
lulose 0.5%. 15 cc. dropper bottle. 

for nighttime use—for styes and lid infections: Sodium 
SULAMYD Ophthalmic Ointment 10%. Y% oz. tube. 
References; (1) Dickson, R. M.: Brit. J. Phys. Med. 7:77, 1944. 
(2) Collier, E.: Brit. J. Phys. Med. 6:181, 1943. (3) Mayer, L. L.; 
A.M.A. Arch. Ophth. 39:232, 1948. 

Sodium SuLamyp,® brand of Sulfacetamide Sodium U.S.P. 


SCHERING CORPORATION * BLOOMFIELD, N. J. 


> 
: 
LA 
* 
‘ 
a6 
af 
ha 
. 
. 
. 
Jz aa | 
‘ad 
4 4 
— 


L LER GAN [| Smialists in ophtnaimic Preparations 


CORPORATION Los Angeles 17, Calif. 
* Composition of Prednefrin: Prednisolone acetate, phenylephrine HC1, Methylcellulose in 0.12% concentrations. 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHICON’ opntHatmic NEEDLE SUTURES 


8 hand-tinished Micro-Point® needies 

@ unequaled sharpness by hand honing 
@ 40% greater strength 

8 increased stability in needle holder 


8 reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minimum tendency to cut out of tissue. 
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Clement Clarke 


THE MAJOR SYNOPTOPHORE 
* Entirely Major Aumblyoscope 


It is with great pleasure that we announce the introduction of an 
entirely new Major Amblyoscope, which we have named the MAJOR 
SYNOPTOPHO E in a to perpetuate a name so long associated 
with this house. 


The Major Synoptophore is the result of several years of re- 
search into the needs of the Orthoptic:Technician. We are grateful 
to the very many Orthoptists, in the United Kingdom, the United 
States of America, the Continent of Europe and indeed in all parts 
of the world, who have cooperated with us and made this instrument 
a possibility. 


A comprehensive leaflet is now in the course of production and 
we shall be pleased to mail this to enquirers. Meanwhile, however, 
we summarise a few of the inovations of this first class, up to date 
strabismus apparatus :— 


A_ MODERN DESIGN WHICH LOOKS AS GOOD AS IT FEELS TO OPERATE 
SUFFICIENT STRENGTH TO WITHSTAND THE GREAT AMOUNT OF USE 
TO _ WHICH IT WILL BE SUBJECTED 
INCORPORATION OF "AFTER-IMAGE" TEST 
INCORPORATION OF AUTOMATIC FLASHING UNIT 
' HOUSING OF THE TRANSFORMER INSIDE THE INSTRUMENT 
* MANY IMPROVEMENTS SUCH AS GREATER RANGE OF CHINREST HEIGHT, |.P.D. 
SCALE ON ORTHOPTIST'S SIDE, DUCTIONS SCALES IN DEGREES FOR EASIER 
MEASUREMENTS, LARGE BREATHSHIELD, SILENCE OF MOVEMENT, ETC. 


We shall welcome the opportunity of quoting you and sending you all the details 
you require, both in respect of this instrument and any others of our large range 


of England... 
: 
CLEMENT, CLARICE 
: 63 WIGMORE STREET *¢ LONDON «¢ W.1. ENGLAND 


new corneal anesthetic 


rapid action and 


short duration 

virtually nonsensitizing 
rarely —if ever—causes sensitivity 
reactions to the eye of the patient or : 
the hands of the physician. 


does not sting or burn when dropped 
into the eye—changes in the corneal 
epithelium or hyperemia of the con- 
junctiva rarely occur, 


Average dose: for tonometry, 2 drops. For minor 
surgical procedures, 2 drops instilled 3 times at 
90 second intervals. 


Supplied: sterile normal saline solution with 
0.02% Butoben as preservative, and containing 
0.4% Dorsacaine Hydrochloride (benoxinate 
hydrochloride). In 4% oz. plastic squeeze bottle 
with dropper tip which delivers uniform drops 
(approximately 45 drops per ce.). 


*Schiegel, H.E.,Jr., and Swan, K.C.: A.M.A. Arch. Ophth. 
41:663 (May) 1054. Emmerich, R.; Carter, G.Z., and 
Berens, C.: An Experimental Clinical Evaluation of Dor- 
sacaine Hydrochloride (Benoxinate, Novesine), report on 
the instillation of a 0.4 per cent solution, Am. J. Ophth. 
40:3A1 (Dee.) 1955, Fasanella, R. M.: Glaucoma in Gen- 
eral Medical Practice, Connecticut M.J. 20/282 (April) 


DORSACAINE’ 


HYDROCHLORIDE 


SMITH-DORSEY « Lincoln, Nebraska ¢ a division of The Wander Company 


= 
« 
1956. 
| 


YOUR 
GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 


titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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True solution 
assures 


maximum 
anti-inflammatory 
benefits 


STERILE 
OPHTHALMIC 
SOLUTION = 


Now you can offer your patient needing topical therapy the unsur- 
passed benefits of the first stable, sterile soluble “predni-steroid” in 
true solution. Sterile Ophthalmic Solution ‘Neo-HypetTRasow’ con- 
tains a soluble inorganic ester of the potent “predni-steroid”— 
prednisolone 21-phosphate. ‘Neo-Hypevrrason’ provides these im- 
portant advantages: 


* freedom from any particulate matter capable of injuring ocular tissues. 
* uniform and effective concentrations of prednisolone. 

* compatibility with ocular tissues and fluids. 

* stability for long periods (does not need refrigeration). 
Indications: Allergic and inflammatory lesions of the anterior segment; 
injury due to physical or chemical trauma. 

Contraindications: Ocular herpes simplex and ocular tuberculosis. 


(PREONISOLONE 21- PHOSPHATE -NEOMYCIN SULFATE 


Supplied : Sterile Ophthalmic Solution *Neo-HYDeLTRASOL’—each cc. contains $ mg. (1%) 
2 phate (as sodium salt) and 5 mg. Neomycin Sulfate (equivalent to 3.5 mg. 
neomycin base); vials, 


MERCK SHARP & DOHME 


DIVISION OF MERCK @ CO., INC. PHILADELPHIA 1, PA. 
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IMPROVED 
BONE SAW 

for the 

OPHTHALMOLOGIST 


FEATURES of the 
STRYKER 
BONE SAW 


| 


... is an indispensable aid in performing dacryocystorhinostomies and the Kronlein 


operation. This efficient bone saw combines these latest refinements developed to 
best implement the surgeon's skill: 


LIGHT WEIGHT ° MANEUVERABLE 
CONVENIENT TO HOLD ¢ ACCURATE 
VERSATILE ° TIME SAVING 


SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


Illustrating use of the 
Trephine for dacry- 
ocystorhinostomies. 
Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY a 
420 ALCOTT AVENUE 
KALAMAZOO, MICHIGAN No. 4 includes 3 blades and 2 tre- 


— 


PRICE: Ophthalmologist Unit Group 


Send me the Ophthalmologist Bone Saw on approvalh 
0 Send me a brochure and reprint by Charles E. Iliff, M.D. 


Address 


Distributed in Conede by: Fisher & Burpe, Lid, Winnipeg 
Exclusive Agent for Export: Schueler & Co., 75 Cliff St, N.Y. 


i 
Af 
| 
: 
a 
$234.00 
ORTHOPEDIC FRAME CO. 
Kelemeree Michigen 


Intraocular 


The unique carbonic anhydrase inhibitor, DIAMOX, markedly reduces intraocular 
pressure in various types of glaucoma—acute congestive glaucomatous 
crisis, simple glaucoma not responsive to miotics, and some secondary glaucomas. 


preoperatively— where intraocular pressure is high and reduction is required 


postoperatively—for early restoration of the anterior chamber and maintenance 
of a formed area 


diagnostically— reduction of corneal edema permits greater visibility, 
easier examination of the eye 


Suggested DIAMOX dosage for most ophthalmologic conditions: 5 mg. per kg., 
every 6 hours day and night. In severe glaucomatous crises, the parenteral 
form provides quicker reduction of global pressure. 


Supplied: Scored tablets of 250 mg. Vials of 500 mg. for parenteral use. 


DIAMOX 


NON-MERCURIAL DIURETIC Acetazolamide Lederle 


t Lederie) LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
*Reg. U.S. Pat. Off. 
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Here is the common-sense answer to the 
psychological problems of the early presbyope . . . 


THE YOUNGER BIFOCAL * 


+ 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area .. . and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


OUNGER 


1829,South Main Street + Los Angeles 15, Calif. 


*Mfg. Proc. Pat. Pending 
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JUST KEEP 
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d 
fe Unless there's a drought or a flood, you're prone 
e 
n to forget a river for it just keeps rollin’ along. You 
t think even less of the tributaries which feed it and 
2 maintain its water level. 
is 
of Perhaps, for a like reason, we've been doing little talking lately 
id about Kurova Corrected single vision lenses, for they've kept 
j- 
right on rollin’ onto more doctors’ prescription pads and in 
‘ and out of more laboratories. And as to the Kurova tributaries, 
A A Greater Number of Base Curves, Accuracy, True Focus Polish and 
we! King Size, they pour in constantly to keep the quality level high. 
se. 
G It's pretty assuring that you'll float along smoothly with Kurovas. A 
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Incorporating the most advanced mech- 
anical features to provide the maximum range 
of independent and co-ordinated movements, 
The Synoptiscope was the original instrument 
designed for carrying out precision movements for 
Orthoptic training. 
THE MAIN. FEATURES 
1 New wide field eye pieces and larger mirrors, brighter 
SYNOPTISCOPE illumination with high intensity gas filled bulbs. 2. Accurate 
measurement of horizontal ductions, vertical ductions and cyclo 
ductions under the stimulus of Stereoscopic vision or otherwise. 
b 3. Precise, controlled and unrestricted exercise of the ex- 
y ternal ocular motor muscles. (This function is of especial value where 
the correcting lenses are not readily accepted by the patient, or where it 
is required to build up a duction reserve). 4. Relaxation exercises, 
CURRY & PAXTON 5. Treatment of squint, including: development of simultan- 
eous macular preception ; development of fusion ; development 
of stereoscopic vision and fusional reserve ; co-ordination of 
hand and eye ; co-ordinating eye movements. 


SUPPLEMENTARY FEATURE 
866 WILLIS AVENUE, ALBERTSON Streak slides for the Bielschowsky after image test. 
NG ISLAND, N.Y. Other Ophthalmic Instruments manufactured by 
Curry & Paxton of England include : 
Telephone: PIONEER 6-0254 . 


Showrooms Service and Assembly Plant SLIT LAMPS * OPHTHALMOSCOPES + THE FOVEOSCOPE + STREAK 
RETINOSCOPES * MADDOX WING TEST * MADDOX HAND PRAME 
Manufacturers’ Representatives in the U.S. A. DIPLOSCOPE + CHEIROSCOPE + TRIAL FRAMES * TRIAL CASES 
Registered Office: 230 Park Avenue New York 17, N. Y. ORTHOPTIC APPARATUS 

Telephone Lexington 2-7842 


INCORPORATED 


DISTRIBUTORS: Chicago: House of Vision Los Angeles: Spratt Optical Superior Optical San Francisco: 


Parsons Laboratories Pittsburgh: Doig Oy 
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new 


Lighter More compact 
More efficient than ever 


Now, in one beautifully-designed 
instrument, Camera and Strobe-type flash 
are incorporated to eliminate the 
inconvenience of a separate power unit. 


Remarkably economical, the new 
Clini Camera D is only $150. 
So every office can be equipped 


for taking brilliant, color correct 


external eye photos. 


Write for complete information 
about this exclusive Jenkel-Davidson 
camera. No obligation. 


366 Post Street « San Francisco, California 
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oig OF 4980 


For a quick, easy and acurate ISUAL FIELD testing 


OF DOCTEUR ETIENNE | 


7 | @ BOWL made of transparent plastic. White screen painted 
P on the inside ; meridians and parallels engraved on the outside. 
Iiiumination uniform and ajustable. 


& Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
aA straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
ia directly traced on the bowl, with the accuracy of a CAMPIMETER. 


4 House of Vision ™ 


-utON 137 NORTH WABASH + CHICAGO 2, ILLINOIS 
FRANCE 
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ILOMIOTIN 


STABILIZED PILOCARPINE HC. 


IN SELF- SEALING 
SELF-DISINFECTING 


surgical quality 
consistently effective 
non-allergenic 


¢ dated — your assurance of 
sterility 

stability / 2,5. 4% 
potency 


PIONEER SPECIALISTS IN BROOKLYN 17, N. Y. 


STERILE OPHTHALMIC SOLUTIONS MONTREAL — PANAMA 
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itchy. watery conjunctivitis — 
mild, non-specific infections 


ZINCFRIN 


STERILE OPHTHALMIC SOLUTION 


Zine Sulfate 0.25% 
Phenylephrine HC! 0.12% 
Benzaikonium 1:10,000 


Alkaline isotonic Menstruum 


ZINCFRIN quickly relieves discomfort 
and congestion occurring with mild, 
non-specific conjunctival infections and 
irritations, suchas... 


@ itchy, hay-fever type eyes 

® wind, dust and chemical irritation 

@ “Pink Eye" and other minor 
non-specific infections 


ZINCFRIN is an excelient sterile, 
non-irritating, prophylactic collyrium--andis 
usually effective for symptomatic relief of 
chronic non-specific irritation where 
continuous use may be indicated. 


ALCON LABORATORIES. Inc. 
FORT WORTH. TEXAS 


Alcon products are readily available to 
pharmacies from their Service Wholesale 
Drug Suppliers in the U. S. and Canada 
Export Dept. 120 S. LaSalle St., Chicago 


supp.ieo: ZINCFRIN 
16ce Drop-Tainer® or 
Giass Dropper Bottie 
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NEOMYCIN 


PHTHA EDICATION.... 
ino H HALMIC M eee 
POLYMYXIN: 
4 
synergistic, broad-spectrum, rapi d 
of Polymyxin B Sulfate (16,250 units y 
, and 1.5% )—and Neomycin Sulfate (5mg/cc). 
traumatic conjunctivitis, ianitis and 
to provide economical choice. 
Methyicellulose vehicle provides 6 to 8 
th var ple aqueous suspen 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 poges, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M., Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 


HEART 
DISEASE 


an indiscriminate 
killer, 


touching 


the young 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 
have your patients read; 


HEALTHY HEARTS 


A collection of Hygeia articles: The War Against Heart Dis- 
eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Life. 

20 pages, 20 cents 


In relation to overweight, hardening of the arteries, high blood 
pressure, blood clots, diabetes. 

by William W. Bolton 

8 pages, 15 cents 


HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 


12 pages, 15 cents 


A KITCHEN FOR THE “TAKE-IT-EASY" COOK 


Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated 

by Anna May Wilson 

16 pages, 20 cents 


or old WRITE TO: 


BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 
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THE FIRST 
“PREDNI-STEROID”— 
IN TRUE SOLUTION 


The solubility of ‘HYDELTRASOL’ (prednisolone 21-phos- 
phate as the monosodium salt) in water is 580 mg./cc 


HYDELTRASOL 


(PREDNISOLONE 21-PHOSPHATE) 


Eliminates mechanical irritation—improves 
clinical response. 


CLINICAL COMMENT; ‘The qualities of predniso- 
lone phosphate appear more desirable . . . than 
those of all previous preparations.” 


phosphate form [HYDELTRASOL] has prevented the 
local irritating effect caused by large clumping 
particles, has been more acceptable to the patients 
and has been clinically effective. 
Arch. Ophth. 57:399, March 1957. 


Lippmann, O., 


“HYDELTRASOL’ and “NEO-HYDELTRASOL’ are trademarks of MERCK & CO., INC. 


%& The solubility of hydrocortisone 
acetate in water is 0.01 mg./cc. 
Note cloudy white suspension above. 


%& The solubility of prednisolone 
acetate is 0.01 mg./ec. Suspended 
particles (as shown above) are 


TIMES MORE 


2,00 SOLUBLE 


THAN HYDROCORTISONE* 
OR PREDNISOLONE* | 


NEO-HYDELTRASOL 


(PREDNISOLONE 21-PHOSPHATE WITH NEOMYCIN SULFATE) 


SUPPLIED: Sterile Ophthalmic Solution ‘NEO-HYDELTRASOL'’—each ec 
contains 5 mg. (0.5%) prednisolone 2|-phosphate as sodium salt and 5 mg. 
neomycin sulfate (equivalent to 3.5 mg. neomycin base); S-ce. and 2.5-cc. 
dropper vials Also available as Sterile Ophthalmic Solution ‘HYDELTRASOL’ 
0.5%. Ophthalmic Ointment ‘NEO-HYDELTRASOL'—each gram contains 5 mg. 
(0 5%) prednisolone 21 -phosphate as sodium salt and 5 mg neomycin sulfate 
(equivaient to 3.5 mg. neomycin base) in a crystal clear base; 3.5-Gm. tubes. 
Also available as Ophthaimic Ointment ‘HYDELTRASOL’ 05%. 


MERCK SHARP & DOHME 


Division of MERCK & CO., Inc., Philadelphia 1, Pa. 
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20/20 WITH TRIAL LENSES ... and 
20/40 WITH FINISHED GLASSES 


VERTEX 
DISTANCE USE THE 


LENSCOROMETER 


When lens in the trial frame is twelve millimeters from the eyes, and the finished 


= AUSTIN BELGARD PRODUCT 


glasses are eight millimeters away, the effective power of a +12.00 will be only 
+ 11.37. 


To insure true translation of prescriptions, in corrections of 5 diopters or more (—) 
or (+), use the Lenscorometer. 


- AUSTIN BELGARD, INC. 
itn 


Dilgard 109-111 NORTH WABASH AVENUE, CHICAGO, ILLINOIS 
1139 CENTRAL—WILMETTE, ILLINOIS 


“CONTACT LENSES” <1 
new 800-page book 


1) 800 pages of pertinent information on all phases 
of contact lenses. 


2) 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 
bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


» Just published. $15 per copy. 


Send your order to: glaberalories Inc. 


49 East 51st Street, New York 22, N. Y. 
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CLASSIC ZINC SULFATE 


After 10 centuries of acceptance, 
now more effective in the 
OPHTHALMOS version 


VTASIZING 


(Zinc Sulfate %% and Phenylephrine HCI %%) 


A MODERN 
formula with 
vasoconstrictor 


ANTISEPTIC 
© DECONGESTANT 
ASTRINGENT 


OPHTHALMIC THERAPY IN THE 
DARK AGES... FROM A 
MEDICINE BOX COVER IN MUSEO 
CRISTIANO OF VATICAN LIBRARY. 


Vasizine is an improved formula with full therapeutic 
effect, specific for angular conjunctivitis . . . after 
foreign body removal . . . minor eye irritations. It in- 
corporates methylcellulose for high viscosity with low 
surface tension, buffered to an acid pH to maintain the 
integrity of the zinc sulfate. 


In 15 cc. Sterile Ophthalmic Solution 


*Visit our exhibit, Booth RI3 at the 
AAOO meeting October 13-18. 
Register for free drawing. 


For full details, write to: 


PHTHALMOS, Inc. 
Union City, New Jersey 


stributed in Canada; Professional Sales Corp., Montreal; Puerto Rico and V. |.: Wiewall Drug Corporation, Santurce 
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Rapid onset of action,’* brief duration,'’* and 
consistent depth of cycloplegia make Cyclogyl 
. [a] drug of choice for routine refraction.” 


Cyclogyl does not produce local or systemic 
toxic effects, and is relatively nonirritating and 
nonsensitizing;*.‘ it has not been reported to 
cause a significant variation in intraocular ten- 
sion.*.5 Cyclogy] is effective in highly pigmented 
eyes, and may be used for persons of all ages.‘ 
No pretreatment is required. 


Just one or two drops provides complete 
cycloplegia, thereby conferring a saving in 
medication cost. 


Send for literature and samples 


Schiyfjelen Since 1794 


PHARMACEUTICAL AND 
RESEARCH LABORATORIES 


mom wom 


~ 


30 minutes after 
instillation of 


cyclogyl... 


3-6 hours* after 
instillation of 


cyclogyl ... 


® 
hydrochloride 
brand of cyclopentolate 


Indications: Refraction; as a mydriatic in 
controlling iritis, iridocyclitis, keratitis, and 
choroiditis; to prevent lenticular adhesions; 
with miotics for preventing or breaking ad- 
hesions in infection; preoperatively, for 
cataract or other appropriate eye surgery. 
Supplied: 0.5% Solution in 15 cc. dropper 
bottles; 1% Solution in 2 cc. and 15 cc. 
dropper bottles. 
“When a miotic is used. Otherwise, in less 
= 20 hours. 
H. and Melative, W. C.: Am. J. 


Ophth. 91:467 (Apri 


Chemistry: LAMA 


| 28 Cooper Square, New York 3, N. Y. 


In Canada: 
W. Sofin Ltd., Montreal 25, Quebec 
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The Differential Diagnosis of Malignant 


Melanoma of the Choroid 
Chairman's Address 


ALGERNON B. REESE, M.D., New York 
With the Collaboration of Ira S$. Jones, M.D. 


If one gets sufficiently old, he has just 
about everything happen to him eventually 
—some bad and some good. In the latter 
category I can say that being your chairman 
this year gives me great pleasure and happi- 
ness. It swings the balance heavily to the 
good side, and I am most grateful. It is 
bitter-sweet only in so far as perforce I 
must address you. The chairman customar- 
ily selects a socioeconomic, ethical, philo- 
sophical, or educational subject, but I am 
told that it is in order to present just a 
plain medical paper. This latter has been 
my choice. 

A city slicker was buying a cow from a 
farmer and asked him about the pedigree of 
the cow. The farmer said he did not know. 
He then asked the farmer what the fat 
content of the cow’s milk was, and the 
farmer did not know that either. The 
farmer said, however, that he knew that 
she was a good honest cow and would give 
all she’s got. And so, although I am giving 
you just an ordinary medical paper which 
may not be worthy of the occasion, I assure 
you it is an honest effort to give you all that 
I’ve got. 

This work, on the differential diagnosis 
of malignant melanoma of the choroid, has 


From the Institute of Ophthalmology of the 
Presbyterian Hospital in the City of New York. 


been done in collaboration with Dr. Ira S. 
Jones, and our deductions are taken from an 
analysis of 200-odd patients who have been 
seen by us because a malignant melanoma 
of the choroid was suspected. This partic- 
ular group has been chosen because during 
the period they were seen we have used a 
particular test which has proven very help- 
ful, and the appraisal of this test, or method 
of examination, is an important feature of 
our thesis. 


These 214 patients, who had fundus le- 
sions which made melanoma a suspect, fall 
within four groups: 1. The patients who 
did not have a malignant melanoma, as 
proven by the subsequent course of the 
disease, but who had a lesion which simu- 
lated one. There were 106 patients in this 
category. 2. The patients in whom a ma- 
lignant melanoma of the choroid was diag- 
nosed and this diagnosis was later confirmed. 
There were 84 such patients. 3. The pa- 
tients in whom an incorrect clinical diag- 
nosis was made, and either the subsequent 
course or microscopic examination of the 
enucleated eye proved the diagnosis incor- 
rect. There were 10 in this group. 4. 
The patients who were lost to follow-up. 
There were 14 in this category. The first 
three groups will now be discussed. 
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Simulating Lesions 


The following is a list of simulating 
lesions in the order of their frequency : 
Cases, No. 
Inflammation 
Macular degeneration 
Benign melanoma of the choroid ...... 
Metastatic carcinoma 
Serous detachment of the retina 
Benign melanoma of the retinal pigment 
epithelium 
Hemorrhage 
Hemangioma of the choroid 


Coats’ disease 
Congenital crater of the optic dise .... 
Angioid streaks ...... 

Total 


Inflammation.—The lesions grouped un- 
der “Inflammation” were either active cho- 
roiditis, the sequelae of choroiditis, or active 
effusive choroiditis with large bullous ele- 
the retina. The lesions were 
suspected of being melanomas because of 
their dark color, which seemed to be caused 
in most cases by stimulation of the pigment 


vations of 


epithelium to proliferate. Seventy per cent 
of the lesions showed what was interpreted 
as proliferation of the retinal pigment epi- 
thelium. When provoked the pigment epi- 
thelium can proliferate extensively, and this 
proliferation, when viewed directly, is jet- 
black or, when viewed through a translucent 
or semiopaque medium, has a dark-bluish 
color. In other instances the dark color 
seems to have been due to deep-lying hem- 
orrhage, which may have been converted 
to some degree into hemosiderin. Melano- 
mas manifest a pigmentation of another 
kind, which will be described later. Fifty 
per cent of the lesions diagnosed as inflam- 
mation showed edema residues or inspis- 
sated edema at some site in or around the 
lesion. Such a finding, in our experience, 
is never seen accompanying a melanoma. 
In inflammatory lesions of the fundus in 
the active phase hemorrhage is noted in 
approximately 50% of the cases. The char- 
acteristic feature of the hemorrhage is that 
it is prone to occur around the lesion as a 
collarette. In melanomas hemorrhage plays 
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an inconspicuous part, and when present it 
is, most often, over the surface of the le- 
sion. This will be discussed further under 
the subject of melanomas. Twenty-five per 
cent of inflammatory lesions showed some 
indication of a similar process in the fellow 
eye. Therefore, it is very important in 
evaluating a suspect lesion to examine the 
fellow eye. 

Macular Degeneration—Most of these 
cases belong to the disciform type with 
elevation and a dark color, either from pro- 
liferating pigment epithelium or from hem- 
orrhage and/or its residues. Approximately 
50% of these showed some 
associated edema residue either in or around 
them, and one-third showed sufficient pa- 
thology in the macular area of the fellow eye 
to give confirmatory evidence. This points 
up again the importance of examining the 
fellow eye, in which the changes were usu- 
ally minimal but definite and oftener were in 
the nature of drusen or very slight atrophic 
changes. 


lesions also 


Benign Melanoma of the Choroid.—In 
two of the sixteen cases there was noted 
some field defect corresponding to the site 
of the lesion. These scotomas were difficult 
to elicit and were smaller than would be ex- 
pected from the size of the lesion. A ma- 
lignant melanoma, even when small, gives 
an easily elicited scotoma which is larger 
than the size of the lesion would indicate. 
In two cases attention was called to the 
melanomas because of a coincidental occlu- 
sion of a branch of the central vein. 

Metastatic Carcinoma.—The primary site 
was in the breast in five, in the lung in one, 
and was unknown in three patients. 

Serous Detachment of the Retina.—The 
diagnosis was confirmed by the future 
course. 

Benign Melanoma of the Retinal Pigment 
E pithelium.—The lesion is characteristically 
flat, sharply demarcated, and more or less 
solidly jet-black in appearance. It shows 
no corresponding field defect. 

Hemangioma of the Choroid.—Two cases 
were diagnosed. In one a specific diagnosis 
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Fig. 1A.—A somewhat elevated grayish-white 
lesion above the macula suspected of being a 
melanoma, viewed by normal illumination of the 
ophthalmoscope. Some edema or flat detach- 
ment in macular area. 


Fig. 1B.—The same lesion as shown in Figure 
1A is demonstrated to be a melanoma by retro- 
illumination. 


Fig. 2.—A malignant melanoma of the choroid 
demonstrating large vascular patterns (varicose 
veins) and light brown pigmentation. 
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MALIGNANT MELANOMA OF CHOROID 


was made, but in the other the diagnosis of 
a choroidal neoplasm was made and hem- 
angioma was suspected. 


Malignant Melanoma of the Choroid 


The diagnosis of malignant melanoma of 
the choroid, later confirmed, was made in 
84 cases. By far the most helpful aid in 
making the correct diagnosis was retroillu- 
mination of the lesion to determine whether 
light was transmitted (Figs. 1A and 1B). 
This is a test which we are sure is con- 
sciously or unconsciously employed to some 
extent by most ophthalmologists, but its 
effectiveness is greater if it is practiced 
with deliberation. The test consists essen- 
tially of viewing the lesion through a 
well-dilated pupil while a very bright oph- 
thalmoscope light is thrown below its lower 
margin. It is important to move the head 
and the light until the reflected rays from 
the choroid reach the examiner’s eye. Ac- 
tually, the test cannot be carried out satis- 
factorily unless the light can be placed 
below the suspected lesion, so that the 
observer's eye can receive the reflected rays 
above. Some manipulation of the light and 
the head may be required before reflected 
rays are seen, and then they may be ob- 
served only at one location. In subtle le- 
sions, when this exact spot is determined, 
the test may be most revealing. If the 
lesion is a melanoma, the reflected rays 
do not penetrate the lesion and therefore its 
border is seen as an opaque or dark zone. 
If the light is thrown on the body of a 
lesion which does not have a great deal of 
pigment, the lesion may also reflect light, 
so that the incident rays from the surface of 
the solid tumor will make it appear trans- 
lucent. If, however, the surface of the 
tumor does have pigment which absorbs the 
light, the lesion will, of course, appear dark. 
Therefore, the test is more reliable when 
the light source is placed to one side of the 
lesion and the border is observed. This test 
was helpful in arriving at the correct diag- 
nosis in 85% of the malignant melanomas 
in this series. 


Reese 


Light is transmitted by retroillumination 
in inflammatory processes, in macular de- 
generation, in metastatic carcinoma, in 
serous detachment of the retina, and in 
hemangioma of the choroid. 


This method of examination of fundus 
lesions by retroillumination is revealing in 
other categories, such as for cystic de- 
generation of the retina, for acquired pro- 
liferative pigment changes that are not 
appreciated by direct inspection with the 
ophthalmoscope light, for retinal striae pro- 
duced by expanding lesions of the orbit, 
and for subtle macular changes. 

In 20% of the melanomas an abnormal 
vascular pattern was noted over the surface, 
i. e., there were wide vascular channels of 
a nature and pattern foreign to the choroid 
or the retina (Fig. 2). These blood sinuses 
probably represent varicose veins from 
passive congestion due to the constriction 
of that portion of the tumor which has 
extended through the elastic lamina vitrea 
(Fig. 3). This plausible explanation has 
been given by Zimmerman to explain the 
occasional vitreous hemorrhage when the 
tumor mushrooms through the lamina vitrea. 

In 15% of the cases the lesion showed a 
light-brown pigmentation in contrast to the 
jet-black pigment associated with prolifera- 
tion of the retinal pigment epithelium (Fig. 
2). This light-tan or brown color is inter- 
preted as coming from the tumor cells. In 
normal eyes the pigmentation of the choroid 
is light brown while that of the pigment 
epithelium is black. The pigment epithelium 
can proliferate, whereas the choroidal pig- 
ment-bearing cells cannot. Therefore, any 
acquired pigmentation of a non-neoplastic 
nature in the fundus must derive from the 
pigment epithelium. Since acquired pig- 
mentation of the light-brown color can not 
come from a reparative or proliferative 
process of the melanoblasts of the choroid, 
it must be the result of a neoplasm arising 
from these cells. Therefore, a light-brown 
color of the surface of a lesion is evidence 
of a melanoma. Hemosiderin from old 
hemorrhage may also appear light brown 
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Fig. 3.—The head of a 
mushroom-shaped malig- 
nant melanoma of the 
choroid, showing large di- 
lated vascular channels 
(varicose veins) due to 
the constriction at the 
neck by the elastic lamina 
vitrea. The blood vessels 
in the base are not dilated. 
(Section lent by Dr. 
Lorenz E. Zimmerman. ) 


clinically, but this could seldom be confused 
with tumor pigment. We did not record the 
abnormal vascular pattern and the light- 
brown color of the lesion until some time 
after the series in this study was started; 
therefore, the incidence is unquestionably 
higher than that which we have given here. 

In approximately one-third of our cases 
of malignant melanoma of the choroid there 
were acquired or dilated episcleral vessels 
corresponding to the site of the tumor. In 
most instances these were interpreted as 
being manifestations of nutrient vessels, 
but in a few it could not be said that they 
were not evidence of an actual mild scleritis 
secondary to some necrosis of the underly- 
ing tumor. 

Tenting of the retina, which produces 
radiating retinal striae, was noted in ap- 
proximately one-third of the proven cases 
of malignant melanoma of the choroid. 
Tenting was also noted in five instances of 
inflammatory lesions of the fundus, in two 
cases of disciform degeneration of the 
macula, and in one case of metastatic carci- 
noma. It can be said, therefore, that al- 
though tenting may be evidence of a 
melanoma it is certainly not pathognomonic. 
There may also be lines around, and con- 
centric to, the base of the lesion, and these 
are evidence in favor of the diagnosis of 
melanoma. 
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Hemorrhage plays a most inconspicuous 
role in melanomas. When it is present, it 
is usually in one or more small areas and 
most frequently located over the lesion; on 
the other hand, in inflammatory processes 
simulating a melanoma hemorrhage is com- 
mon and is characteristically around the 
lesion. In three of our cases there was 
vitreous hemorrhage, but these hemorrhages 
accompanied larger lesions which had 
broken through the lamina vitrea (see pre- 
vious paragraph relative to abnormal vascu- 
lar channels). In addition to being due to 
passive congestion from constriction by the 
lamina vitrea hemorrhage may also result 
from necrosis of the tumor. 

A feature which sometimes is of diag- 
nostic help is the recognition of the mush- 
room shape of the tumor. The rather broad 
base can be appreciated below a constriction 
and the mushroom-shaped head. Over the 
site of the constriction the retina may hang 
down from the head and the mushroom 
character is appreciated only by the light 
of the ophthalmoscope which passes through 
the translucent detached retina around the 
neck. 

A serous detachment of the retina in the 
dependent portion of the fundus harboring 
a malignant melanoma is fairly common, 
but this may also accompany inflammatory 
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lesions. Such an occurrence, though, favors 
the diagnosis of a melanoma. 

In early, more or less flat, melanomas 
and over and around the base of larger, 
mushroom-shaped melanomas, drusen bodies 
are seen. As previously stated, in the dis- 
cussion of inflammation and macular de- 
generation, edema residues occur but not 
as a part of the clinical picture of mela- 
nomas. 

In 1944 one of us (A. B. R.) reported 
that microscopic sections of eyes with a 
malignant melanoma of the choroid showed 
a tendency to harbor benign melanomas of 
the iris, and it was suggested that this 
accompanying feature might be of help 
sometimes in the clinical diagnosis of a 
melanoma of the choroid. Later, this mi- 
croscopic finding was confirmed by Wilder. 
We believe that benign melanomas of the 
iris of such eyes are commonly seen in 
histologic specimens but that they probably 
lie so deep in the iris that they are not 
appreciated clinically and, therefore, can 
seldom be of help in the diagnosis. We 
have recorded small iris melanomas in five 
eyes in which there was a melanoma of the 
choroid; there were no such lesions on the 
iris of the fellow eye. It is our feeling 
now, however, that these iris changes are 
not of much help in making the clinical 
diagnosis. 

In two of the eyes with malignant mela- 
noma of the choroid we noted holes or 
breaks in the retina, and in two eyes some 
small aneurysmal vessels over the lesion 
were recorded. 

In only one eye did we note a choroiditis 
accompanying the melanoma, and in two of 
the cases an area of old choroiditis was 
found in the fellow eye. 

We find the usual objective transillumina- 
tion through the sclera to be of very little 
value. Of greater help is subjective trans- 
illumination (Wheeler sign). 


Incorrect Diagnoses 


The third group consists of those cases 
in which the wrong diagnosis was made. Of 
these 10 cases, 5 were diagnosed as in- 
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flammatory processes and the subsequent 
findings established the fact that a malignant 
melanoma of the choroid was present in 
four and a metastatic carcinoma (primary 
site undetermined ), in the other. 

In four of the cases first diagnosed as 
“inflammation” we later changed the diag- 
nosis to malignant melanoma, and enuclea- 
tion was done forthwith. This brings up 
the question of whether an actual choroiditis 
can prod a benign melanoma into growth. 
We know that from 1% to 2% of other- 
wise normal eyes harbor a benign mela- 
noma, and it is possible that an inflammatory 
process in the choroid can stimulate a be- 
nign lesion into growth or can even prompt 
the development of a spontaneous mela- 
noma. In the face of these wrong diagnoses, 
we should like to feel that this sequence of 
events can occur. There is some evidence 
that it does occur: In one of the eyes we 
noted what seemed to be the typical sequelae 
of an old choroiditis, and in two of the cases 
in which the diagnosis of malignant mela- 
noma was made in one eye there was an 
inactive choroiditis in the fellow eye. Prior 
to the beginning of the series on which we 
are reporting, one of us (A. B. R.) noted a 
number of times eyes in which there were 
lesions which seemed to be typical sequelae 
of choroiditis and in which malignant mela- 
noma developed years later. Furthermore, 
we do know that old blind eyes probably 
develop melanomas, and it is possible that 
the same mechanism works here, i. ¢., that 
a benign lesion present in the choroid is 
stimulated to active growth by the previous 
pathologic process which led to atrophy of 
the globe or to blindness. It is possible that 
in these four eyes diagnosed first as “in- 
flammation” and later as “melanoma” there 
was an inflammatory process due to some 
tumor necrosis which at first masked the 
clinical picture. 

In two of the wrong diagnoses our im- 
pression was that a malignant melanoma of 
the choroid existed, but the later course of 
the disease indicated that we had mistaken 
an inflammation in one case and in the other 
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a hemorrhage with detachment of the retina. 
In another mistaken diagnosis we felt that a 
choroidal hemorrhage was present, and the 
correct diagnosis was later found to be a 
malignant melanoma of the choroid. It is 
possible that a choroidal hemorrhage had 
existed and masked the picture at the time 
our examination was made. In another 
mistaken diagnosis we felt that a metastatic 
lesion existed in the choroid, and later the 
diagnosis of hemangioma was established. 
In still another case our diagnosis was that 
of a neoplasm of the choroid in contrast to 
an inflammatory or degenerative process; 
the later course proved that the lesion was 
a metastatic melanoma from the fellow eye, 
which had been enucleated sometime previ- 
ously for a melanoma of the choroid. 


Comment 


This is an appraisal of the varied mani- 
festations of malignant melanoma of the 
choroid and simulating lesions as seen by 
routine examination. Excluded, therefore, 
is the question of biopsy, the detection of 
melanoma cells in the subretinal fluid, or 
the uptake of radioactive phosphorus. The 
fact is that we must rely usually on our 
findings with the ophthalmoscope. 

As there were 106 cases mimicking mela- 
noma as compared with 84 cases of mela- 
noma, it will be seen that we are confronted 
more often than not with a simulating le- 
Of greatest help in assessing an 
equivocal lesion is the test by retroillumina- 
tion to determine whether it transmits light. 
This test is of great value, and the more one 
practices it with care and attention to detail 
the more rewarding it becomes. The other 
most valuable signs pointing to melanoma 
are brown pigmentation, abnormal vascular 
pattern, and new-formed or dilated epi- 
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scleral vessels. Confirmatory signs are 
drusen bodies and the appreciation of the 
mushroom shape of the lesion. Equivocal 
findings are hemorrhage, tenting, and a de- 
pendent serous detachment of the retina. 
Residual edema favors the diagnosis of a 
non-neoplastic process. Too much emphasis 
cannot be placed on the importance of exam- 
ining the fellow eye. Frequently pathology 
is found here which is of the greatest im- 
portance in arriving at the correct diagnosis 
—25% of suspected inflammatory lesions 
and 33.3% of macular lesions show some 
indication of a similar process in the fellow 
eye. 

This completes our offering. If, per- 
chance, the question is “How do you ac- 
count for your good judgment?” our reply 
is “Experience.” If, then, you should ask 
“How did you get your experience?” our 
reply is “Through bad judgment.” We hope 
that the results of our bad judgment will 
be of some help to you. 

635 W. 165th St. (32). 
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Introduction 


In 1949 Sugar and Barber reported two 
cases of so-called pigmentary glaucoma as a 
new and rare clinical entity occurring in 
young males.’ In 1951 Sugar added an addi- 
tional case, when his monograph on the glau- 
comas was published. In 1953 Calhoun 
reported six additional cases satisfying the 
criteria which Sugar had set up.? These 
six cases also occurred in young males. 
Calhoun was interested in the relation- 
ship of Krukenberg’s spindle, corneal 
pigmentation, and the development of 
glaucoma. For comparison, he studied 
five cases, three females and two males, 
with Krukenberg’s spindle having no 
glaucoma. He used the mydriasis provo- 
cative test, the facility of aqueous out- 
flow, and the water-drinking provocative 
test in order to assess the role that pigment 
might play in the production of glaucoma. In 
two males without glaucoma and with the 
spindle the water provocative test showed a 
positive result, whereas the facility of out- 
flow and the mydriasis test failed to produce 
any indication in any of these five patients 
that glaucoma was present or that there 
was a tendency toward glaucoma. Calhoun’s 
conclusion was that the water-drinking pro- 
vocative test performed in young myopic 
males will occasionally lead to an early 
diagnosis of simple glaucoma. On the basis 
of his studies, Calhoun also concluded that 
the corneal pigmentation was a manifesta- 
tion of a degenerative condition of the eye in 
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which the pigment deposition alone was not 
producing glaucoma. 

When one reads the literature one gets 
the erroneous impression that pigmentary 
glaucoma is an entity seen only in the male. 
This is not true. | wish to report five cases 
in females, four of which satisfy all the 
qualifications for true pigmentary glaucoma, 
namely, myopia, the Krukenberg spindle 
type of corneal pigmentation (Tig. 1), heavy 
pigment deposition in the trabeculum ( Fig. 
2), open angle, and impaired outflow facil- 
ity. One of these is most unusual in that 
the diagnosis was unsuspected and was 
masked by acute glaucoma. To my 
knowledge, this represents the first acute 
“pigmentary glaucoma’ described the 
literature. The fifth case is borderline but 
may provide a missing link in the chain of 
events. 

Glaucoma associated with Krukenberg’s 
spindle had been reported before the ap- 
pearance of Sugar’s original paper. In 1941, 
Evans, Odom, and Wenaas studied 202 


Fig. 1.—Krukenberg’s spindle. (Reproduced 
with permission from Calhoun,? American Journal 
of Ophthalmology, Ophthalmic Publishing Com- 
pany, Chicago. 
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Fig. 2.—Goniophoto- 
graph of chamber angle 
in pigmentary glaucoma. 
(Reproduced with per- 
mission from Sugar and 
Barbour, American 
Journal of Ophthalmol- 
ogy, Ophthalmic Pub- 
lishing Company, Chi- 
cago.) 


cases of Krukenberg’s spindle.* Of these, 95 
were collected by questionnaire and 107 were 
obtained from the literature. A summary of 
each case was given. This paper has been 
of great assistance, because its data were 
used to obtain additional information about 
pigmentary glaucoma, an entity which these 
authors did not recognize at this time. Seven 
of the two hundred two cases with spindles 
were females with glaucoma. One of these 
is unsuitable for inclusion in the present 
study because of the association of con- 
genital defects. This glaucoma was con- 
sidered to be of the juvenile type. The 
remaining six females presented may be 
considered to have been cases of so-called 
“pigmentary glaucoma.” 


Report of Cases 
Case 1.—A 50-year-old woman was first 
seen on Dee, 4, 1952, complaining of poor 
vision in the right eye and an occasional 
blurring of vision in the left eye. Examina- 
tion, past history, family history, and system 
history were essentially negative. Her father 
died of generalized carcinomatosis. The 
patient had suffered from bronchial asthma 
for many years and complained of occasional 
indigestion which had been attributed to gall 
stones. 
Intraocular pressure, measured with the 
Schietz tonometer, was 65 mm. Hg in the 
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right eye and 55 mm. in the left. Refraction 
was ©. D., —3.50 —2.50 120=20/120; 
O. S., —4.25 —1.00* 40= 20/25. Ophthal- 
moscopic examination revealed considerable 
glaucomatous optic atrophy of the right optic 
nerve head and early glaucomatous cupping 
on the left. Slit-lamp examination showed 
bilaterally many fine pigment granules dis- 
persed in the characteristic Krukenberg 
spindle on either cornea. In addition to this, 
there were fine pigment granules scattered 
over the surface of the iris. Gonioscopy re- 
vealed a heavy pigmentation in the trabecu- 
lum, with open angle. The patient was given 
pilocarpine hydrochloride, eight doses of a 
2% solution at 15-minute intervals, and the 
pressure fell to 35 mm. Hg in the right 
eye and 30 mm. in the left. She was told 
to use pilocarpine hydrochloride, 2%, three 
times a day, and physostigmine ointment at 
night, and told to report back in three days. 
Intraocular pressure measured 35 mm. Hg 
in each eye. Visual field studies were per- 
formed, which showed advanced changes in 
the right eye and considerable constriction 
of the nasal field in the left eye. On Dee. 
11, 1952, iridencleisis and anterior sclerec- 
tomy were performed on the right eye, and 
four days later a routine cyclodialysis was 
performed on the left eye. One week later 
the intraocular pressure in the right eye 
registered 27 mm. Hg, while that in the left 
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measured 34 mm. Hg. At the time of 
surgery on the right eye, it was noted when 
the iris was pulled up into the wound that 
the posterior pigment epithelium of the iris 
flaked off with great ease, in very much the 
manner of a diabetic iris. Three weeks 
following this operation it was noted there 
were large flecks of pigment as much as 8 or 
10 mm. away from the filtering site, indicat- 
ing that the posterior surface of the iris had 
been carried away subconjunctivally in large 
masses (Fig. 3). On Dec. 30 intraocular 
pressure measured 48 mm. Hg in the right 
eye and 38 mm. Hg in the left. On Jan. 
6 a bilateral cyclodiathermy was carried out. 
The intraocular pressure remained within 
normal limits for the next four months. In 
the left eye one reading of 35 mm. Hg was 
obtained in May. The patient was told to 
use 2% pilocarpine hydrochloride twice a 
day. Tonographic studies done at this time by 
Dr. Morton Grant, after the patient had 
not used miotics for 48 hours, showed the 
facility of outflow to be impaired in both 
eyes and reported as follows: O. D., tension 
=25 mm. Hg; C=0.10. O. S., tension= 
28 mm. Hg; C=0.07. The patient has been 
followed closely for the past three years, and 
the intraocular pressure has varied between 
20 and 24 mm. in the left eye and has never 
been recorded higher than 25 mm. Hg in 
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Fig. 3 (Case 1).—Mi- 
gration of pigment fol- 
lowing iris inclusion 
operation. Arrows show 
pigment which has mi- 
grated from filtering 
site (F). 


the right. Visual fields are holding satis- 
factorily (Fig. 4). At the present time 
she is using the following medication: pilo- 
carpine hydrochloride, 2%, drops, one in 
each eye three times a day; acetazolamide 
(Diamox), 125 mg. at bedtime. Visual 
acuity: right eye 20/200; left eye 20/30+. 
Tonography performed on May 18, 1955: 


tension=O. D. 26 mm. Hg; C=0.075. 


Fig. 4 (Case 1).—Visual fields. 


20/25 v.O, D. 20/120 


March 1956 
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O. S. initial tension=25 mm. Hg; C=0.05. 
On transillumination of the irides there are 
almost complete confluent rings of light in 
the ciliary zone of the iris. The patient com- 
plains of glare on bright days, and in the 
snow, and also states that headlights of 
automobiles are very disturbing. She must 
wear sunglasses during the day to be com- 
fortable. 

Case 2.—-A 28-year-old woman was first 
seen in February, 1953, with a chief com- 
plaint of soreness of the right eye and an 
aching sensation in both eyes of about three 
months’ duration. 

Refraction: O. D. —3.25=20/20; O. S. 
~ 3.25=20/20. External examination: the 
lids, lacrimal apparatus, extraocular muscles, 
and pupillary reactions were normal. Oph- 
thalmoscopically the right optic nerve head 
showed early optic atrophy due to glaucoma, 
the cup reaching the nasal margin of the 
disc. In the left eye ophthalmoscopic find- 
ings were similar, although not as extensive. 
Slit-lamp examination revealed marked 
Krukenberg spindles on the endothelial sur- 
face of each cornea, The anterior chambers 
were deep, and the aqueous ray was nega- 
tive. Gonioscopy revealed very heavy pig- 
mentary deposits in a wide angle. The iris 
plane was flat. There were no peripheral 
anterior synechia. Transillumination of the 
irides revealed an almost complete band of 
transparency in the midzone of each iris, 
forming a doughnut-shaped ring. Intraocu- 
lar pressure in the right eye measured 55 
mm. Hg, while that in the left measured 48 
mm. Hg (Schietz). Visual field studies 
showed an over-all constriction of the red 
field to within 10 degrees of the fixation 
point in each eye. The field to a 3/330 
white test object was not grossly impaired 
(Fig. 5). A diagnosis of glaucoma due to 
depigmentation of the iris was made. The 
patient was given 2% pilocarpine hydrochlo- 
ride to be used three times a day. Intraocu- 
lar pressure fell to 45 mm. Hg in the right 
eye and 37 mm. Hg in the left eye. At the 
end of one week the patient was given 
0.1% solution of isoflurophate to be instilled 
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Vv.0.5, 20/25 
Fig. 5 (Case 2).—Visual fields. 


at bedtime in addition to the pilocarpine. 
This resulted in a further dimunition in the 
pressure, to 37 mm. Hg in the right eye and 
23 mm. Hg in the left. At no time did the 
pressure in the right eye fall below 35 mm. 
Hg on several determinations over the 
course of the next few days, and it was 
decided to perform a cyclodiathermy on the 
right eye. This was accomplished on March 
11, 1953. On March 16 the intraocular 
pressure had fallen to 11 mm. Hg in the 
right eye, while that in the left remained at 
27 mm. Hg. An area of necrosis of the 
cornea had developed near the nasal limbus 
of the right eye about 2 mm. in diameter, 
extending from 10 to 8 o'clock. This was 
watched very carefully because of the dan- 
ger of corneal sloughing. However, after 
intensive local treatment with cortisone and 
neomycin, this gray opaque area gradually 
cleared and epithelialized completely. It took 
approximately six weeks for the cornea 
to heal satisfactorily. On April 24 the 
intraocular pressure in the right eye meas- 
ured 29.6 mm. Hg, while that in the left 
measured 42.6 mm. Hg. The patient was 
given 4% pilocarpine hydrochloride five 
times daily, and within two days the intra- 


Vol. 58, Oct., 1957 


MEP 
= 
V.0.8, 20/25 20,25 
we 
(2 
LEX. (LX. 


PIGMENTARY GLAUCOMA IN FEMALES 


ocular pressure had fallen in the right eye 
to 27 mm. Hg and in the left eye to 39 mm. 
Hg. 

Results of Dr. Morton Grant's tono- 
graphic studies on May 8, 1953, were as 
follows: O. D. tension=31 mm.; C=0.07. 
S. tension=35 mm.; C=0.06. Three 
and one-half hours after three drops of 4% 
pilocarpine hydrochloride tonographic meas- 
urements were as follows: O. D. tension= 
20 mm; C=0.13. O. S. tension=25 mm.; 
C=0.12. On May 13, 1953, the intraocular 
pressure measured 23.5 mm. Hg ( Schietz) 
in the right eye and 32 mm. Hg in the left. 
A cyclodiathermy was performed on the 
left eye on May 15, 1953, and a week later 
intraocular pressure measured 16 mm. Hg 
in the left eye and 27 mm. Hg in the right 
eye. Throughout the summer of 1953 the 
pressure was within normal limits in both 
eyes. The patient was using 0.1% isofluro- 
phate in each eye daily. In September she 
appeared to be getting sensitive to isofluro- 
phate, and her therapy was switched to pilo- 
carpine hydrochloride, 2%, four times a day 
in both eyes. On Sept. 11, 1953, intraocular 
pressure measured QO. D. 42 mm. Hg; O. S. 
34 mm. Hg. Through the fall of 1953 the 
intraocular pressure varied between 29 and 
40 mm. Hg in each eye. On Dec. 1, 1953, 
a posterior lip sclerectomy and a peripheral 
iridectomy were accomplished on the right 
eye. On Dec. 9 a small bleb was present 
and the patient was given massage. How- 
ever, by Dec. 11 it was apparent that the 
bleb was scarring down and that the intra- 
ocular pressure was rising, and the pressure 
was then 30 mm. Hg. At this time 20 mg. 
of heparin sodium was injected subcon- 
junctivally in the region of the filtering 
procedure. On Dec. 14 the subconjunctival 
injection of heparin was repeated. Heat 
and massage were applied to the right eye 
three times a day. On Jan. 4, 1954, the 
inflammatory reaction following the injection 
of heparin had subsided and the eye ap- 
peared to be filtering well. The intraocular 
pressure was recorded at 20 mm. Hg, while 
that in the left eye measured 27 mm. Hg. 
Miotics were still administered to the left 
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eye, but none were used on the right. In 
the summer of 1954 intraocular pressure 
in the right eye measured 20 mm, Hg 
(Schietz) and that in the left eye measured 
25 mm. Hg. By January, 1955, the intra- 
ocular pressure in the left eye had climbed 
to the low 30's despite the use of miotics, 
and a cyclodiathermy was carried out on 
this eye on Feb. 4, 1955. in November, 1955, 
intraocular pressure measured O, D, 18 mm. 
Hg; O. S. 27 mm. Hg. Visual field studies 
performed at this time showed no reduction 
in the visual fields (Fig. 5). Tonography 
was as follows: O. D., C=0.275; O. S., C= 
0.13. Visual acuity, corrected, was 20/20 
in each eye. Present treatment: pilocarpine 
hydrochloride, 2%, three times a day in left 
eye. It is apparent from the reduced out- 
flow facility, and the fact that the patient 
still requires pilocarpine three times a day 
in the left eye, that control of her condition 
is not ideal. Should there be any loss of 
visual field in the left eye trephining may 
be necessary. 

Case 3.—A 46-year-old woman was re- 
ferred to this office on April 16, 1956, by 
her optometrist, because of blurred vision 
in the left eye, of about three weeks’ dura- 
tion, and severe pain in the eye. Past 
history and family and system histories 
were noncontributory except for the fact 
that the patient had never had good vision 
in the left eye and had been told that this 
eye was much more nearsighted than the 
right eye. 

Examination at this time showed the 
vision, with her correction, to be as follows: 
O. D. —2.75X5=20/20; 

O. S. —7.0 —2.00X155= 
light perception with projection. External 
examination showed the right eye to 
be normal throughout; the left eye was 
diffusely injected, with both conjuncti- 
val and circumcorneal injection. The cornea 
was extremely hazy; the anterior chamber 
appeared to be deep; the iris was fixed in 
mid-dilatation and did not react to light or 
accommodation. Because of the severe 
corneal haze, fundus details could not be 
made out. Intraocular pressure in the right 
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eye measured 25 mm. Hg (Schietz), while 
that in the left measured 77 mm. Hg. She 
was admitted to the hospital and treated 
intensively with miotics and acetazolamide. 
However, after 12 hours the intraocular 
pressure had only fallen to 55 mm. Hg in 
the left eye, and it was felt that surgery 
was indicated. In the operating room, after 
the retrobulbar injection of procaine (novo- 
cain), epinephrine, and hyaluronidase, the 
intraocular pressure fell to 40 mm. Hg and 
it was felt that a filtering operation could 
be performed safely. Consequently, a 
posterior lip sclerectomy and a basal iridec- 
tomy were accomplished. The eye was 
dressed. with physostigmine 0.25% ophthal- 
mic ointment, and the patient was returned 
to her room with a monocular dressing. The 
postoperative course was uneventful. She 
was discharged five days later with a good 
filtering bleb, and the intraocular pressure 
was an easy normal to touch. Postopera- 
tively she was treated with cortisone and 
massage. 

At her first postoperative visit in the 
office, one week later, it was noted that she 
had a heavy Krukenberg spindle in the left 
eye, which had been previously obscured by 
corneal edema. The right cornea was care- 
fully reexamined but no Krukenberg spindle 
could be found in this eye, nor was there any 
evidence of vacuole formation in the iris 
by transillumination. However, in the left 
eye the ciliary zone of the iris by transil- 
lumination showed a completely confluent 
ring of light, indicating complete depigmen- 
tation of the posterior epithelial layer of the 
iris, At this time there appeared to be many 
fine free-floating pigment granules observed 
in the anterior chamber and, in addition, a 
Krukenberg type of spindle could be dis- 
cerned on the posterior surface of the lens, 
a finding which I had never observed in any 
case of pigmentary glaucoma. It was also 
noted at this time that the patient had con- 
siderable cupping and nasal displacement of 
the vessels, and it was concluded that the 
patient had suffered an acute attack of con- 
gestive glaucoma, probably superimposed 
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upon a long-standing asymptomatic pigmen- 
tary glaucoma. 

Three weeks postoperatively the intra- 
ocular pressure in the left eye again became 
elevated, and what had been a good filtering 
area appeared to be scarred down. The 
patient failed to respond to acetazolamide 
and intensive pilocarpine therapy, and was 
readmitted to the hospital on May 16, 1956. 
On the following day a corneoscleral tre- 
phining was accomplished 3 or 4 mm. tem- 
poral to the area where the posterior lip 
sclerectomy had been performed. The post- 
operative course was essentially uneventful. 
The patient was discharged from the hospi- 
tal four days later, and was followed as an 
outpatient. There was a small hyphema 
which was absorbed uneventfully, and the 
wound appeared to be filtering satisfactorily 
for the first 12 days postoperatively. The 
intraocular pressure again became elevated 
to 32 mm. Hg. At this time, 25 mg. of 
heparin sodium was injected into the filter- 
ing area. Following the injection the intra- 
ocular pressure fell to 12 mm. Hg (Schietz), 
but the injection also appeared to produce 
a moderate degree of uveitis, with a +2 
aqueous flare. The intraocular pressure re- 
mained within normal limits for about 
another two weeks, but on June 19 the 
intraocular pressure had risen to 60 mm. 
Hg. Another heparin injection into the area 
was accomplished, and immediately after the 
injection the intraocular pressure fell to 10 
mm. Hg and, again, uveitis of a mild nature 
developed in response to the heparin injec- 
tion. Pressure remained within normal 
limits for another four weeks. On July 20 
the pressure had again risen to 42.5 mm. 
Hg. Despite the use of acetazolamide and 
pilocarpine it remained at this level. At 
this time, because of the failure of two filter- 
ing operations and the failure of repeated 
heparin injections to maintain filtration, a 
cyclodiathermy was undertaken, on July 24, 
1956. Following the cyclodiathermy moder- 
ate anterior uveitis developed, which was 
controlled satisfactorily by the use of hydro- 


cortisone ophthalmic ointment, _ instilled 


Vol. 58; Oct., 1957 


A 


PIGMENTARY GLAUCOMA IN FEMALES 


Fig. 6 (Case 3).—Visual 
fields in October, 1956. 


3/330 white 


12/330 white 


every two hours while the patient was awake. 
On Aug. 13 the intraocular pressure had 
again risen to 43 mm. Hg, and on Sept. 4 
another cyclodiathermy was performed. By 
Sept. 14, 1956, intraocular pressure had 
again risen to 50 mm. Hg and the patient 
was treated with isoflurophate, 0.1%, in- 
stilled morning and night in the left eye. 
Intraocular pressure has remained below 
30 mm, Hg since that time. 

On Oct. 16, 1956, visual field studies were 
undertaken, and it was found that the patient 
had a very small temporal field to a 3/330 
white test object. However, to a 12/330 
test object the patient had a fairly good- 
sized temporal field (Fig. 6). Her corrected 
vision at this time was 20/200 in the left 
eye. On Jan. 15, 1957, the patient came to 
the office complaining of redness and aching 
of the left eye of one week’s duration. At 
that time a diagnosis of anterior uveitis was 
made. Intraocular pressure measured 30 
mm. Hg. She was treated with local ap- 
plications of hydrocortisone, and within one 
week signs of inflammation had subsided. 
Intraocular pressure was recorded at 18 
mm. Hg. This case is still being followed 
with great interest. 

Case 4.—A 68-year-old woman was first 
seen on April 27, 1956, complaining of 
blurred vision. She had been referred by 
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20/200 


an ophthalmologist from another city, under 
whose care she had placed herself nine 
months previously. At this time a diagnosis 
of chronic simple glaucoma was made. She 
had been using pilocarpine hydrochloride, 
1%, twice a day since that time. Intraocular 
pressure on her first visit measured 30 mm. 
Hg (Schiotz) in the right eye and 25 mm, 
Hg in the left eye. Refraction: O, D. +0.50 
— 80=20/50; O. S. +1.50-0.75X 
180=20/30—. Slit-lamp examination dem- 
onstrated a fairly heavy Krukenberg spindle 
in the right eye and a somewhat lighter one 
in the left eye. The right eye on transillu- 
mination revealed Grade 2 to 3 depigmen- 
tation of the iris epithelium, while the left 
eye showed Grade 2 depigmentation. There 
was considerable heavy pigmentation in an 
open angle in each eye, but more pigment 
was found in the right chamber angle than 
in the left. On ophthalmoscopic examination 
advanced glaucomatous optic atrophy was 
noted in both eyes, the right showing the 
more advanced cupping. Tonographic stud- 
ies under pilocarpine showed ©. D., C= 
0.13; O. S., C=0.22. The patient has been 
followed closely, and there has been no 
change in her visual fields during the nine 
months under my observation (Fig. 7). 
Her intraocular pressure has been main- 
tained at about 20 mm. Hg in each eye by 
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20/30 


Fig. 7 


fields 


(Case 4).—Visual 


pilocarpine hydrochloride, 2%, 
a day. 


three times 


Case 5.—A 52-year-old woman was seen 
for the first time on Dee. 3, 1951, with a 
chief complaint of fatigue of the eyes. Ex- 
ternal and ophthalmoscopic examinations 
were negative, as was the examination under 
the slit-lamp. Refraction was O. D., —0.25 

+ 75= 20/20; O. S., —1.00 —0.37x 
165 = 20/20; add +2.25 O. U.=J. Tension 
was ©. D., 20 mm. Hg (Schiotz); O. S., 
23.4 mm. Hg (Schiotz), She returned on 
Dec. 10, 1952, complaining of fatigue and 
some photophobia, At this time a Kruken- 
berg spindle was noted for the first time in 
each eye. Intraocular pressure measured 
O. D., 23.4 mm. Hg; O. S., 23.4 mm. Hg 


(Schietz). The addition on her bifocals 
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V.O.D, 20/40 


Nov. 1956 


V.O.S. 20/30 V.O.D. 20/50 


was increased to +2.50. The patient re- 
turned on June 3, 1953, complaining of 
occasional aching over the eyes. External 
examination showed the lids, lacrymal ap- 
paratus, and pupillary reactions to be nor- 
mal. Near point of convergence was remote. 
Refraction: O. D., +0.50—0.50«15= 
20/15; O. S., —0.37*120=20/15. Oph- 
thalmoscopic examination was negative, but 
a typical Krukenberg spindle was observed 
in each eye. Gonioscopy revealed hyper- 
pigmentation of both trabecula of a mod- 
erate degree. The angles were open, 
without any peripheral synechia. Intraocular 
pressure measured O. D., 23.4 mm. Hg; 
O. S., 25.4 mm. Hg (Schiotz). On trans- 
illumination of the right eye an incomplete 
ring of translucent vacuoles was observed, 
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while in the left eye there was a more ad- 
vanced degree of depigmentation of the 
ciliary zone of the iris. 

A water provocative test was positive for 
the left eye and negative for the right. 
Visual fields were normal for 3/330 red 
and white test objects. 

It was felt that the left eye was on the 
borderline of glaucoma, and the patient was 
instructed to use pilocarpine hydrochloride, 
1%, morning and night in the left eye. She 
has remained symptom-free for the past two 
and one-half years, except for the complaint 
of glare. 


Transillumination of the Iris 


Particular mention should be made of one 
method of evaluation in pigmentary glau- 
coma which has not been emphasized by 
other observers, namely, transillumination. 
The examination should be performed as 
follows: a drop of tetracaine (Pontocaine), 
or other suitable local anesthetic, is instilled 
and the room is completely darkened. A 
transillumination bulb with a guard to pre- 
vent the light from escaping from the side 
is placed directly against the sclera about 
7 mm, behind the limbus. After the eye of 
the observer has been dark-adapted, it is 
possible to make out circular lacunae or 
vacuoles representing areas of depigmenta- 


Fig. 8.—Schematic rep- 
resentation of iris depig- 
mentation during transil- 
lumination, showing 
Grades 1 through 4. 


tion of the pigment epithelium of the iris 
(Fig. 8). I have observed several cases of 
Krukenberg’s spindle without glaucoma, and 
in these the vacuoles, or light-transmitting 
portions, of the iris are usually small, round, 
and quite separate. When one observes 
cases in which the glaucoma is relatively 
mild or borderline, the vacuoles appear 
somewhat larger. In the advanced cases of 
pigmentary glaucoma, the entire ciliary por- 
tion of the iris is represented by an almost 
continuous or confluent band of light, indi- 
cating almost complete depigmentation of 
the ciliary portion of the iris. An iris even 
in an advanced case of pigmentary glaucoma 
looks perfectly normal by direct light under 
the slit-lamp, but it will appear completely 
moth-eaten when properly transilluminated, 
An interesting clinical observation is the 
failure of transillumination near the pupil- 
lary border even in advanced cases. This 
indicates that the ciliary zone is the area 
most susceptible to the depigmentation. 


Statistical Analysis 


In an effort to obtain additional informa- 
tion about the onset of pigmentary glaucoma 
in females, a statistical study was under- 
taken, and these results are summarized in 
the Table. The paper of Evans and his 
associates was used to obtain the data on the 
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Comparison of Females with Krukenberg’s 
Spindle With and Without Glaucoma 


Incidence Av. Refraction Av. Age, Yr. 


No glaucoma 117 
With glaucoma 6 


-. —~5.25 (77 eyes) 45.4 (99 cases) 
49 (lOeyes) 52.4 (10 cases) 


incidence of glaucoma associated with 
Krukenberg’s spindles. The data on refrac- 
tion and age were augmented by my four 
cases of pigmentary glaucoma. 

It is evident that glaucoma is a relatively 
infrequent complication of pigmentary dis- 
turbance in the female. But since an inci- 
dence of 5% is higher than the frequency 
of glaucoma in the general population, one 
must conclude that the pigmentary disturb- 
ance is associated with the onset of the 
glaucoma. This fact is supported by the 
suggestive evidence in a study of the ages 
of females having Krukenberg spindles and 
no glaucoma. The average age of females 
with pigmentary glaucoma exceeds that of 
the nonglaucomatous females with Kruken- 
berg spindles by seven years. One is 
drawn to the conclusion that the pigmentary 
disturbance must exist for some time before 
glaucoma ensues. This concept is supported 
by the clinical observation that well-estab- 
lished cases of pigmentary glaucoma have 
advanced iris depigmentation and the se- 
verity of the disease may be related to the 
degree of depigmentation observed on trans- 
illumination. Furthermore, transillumination 
of irides with Krukenberg spindles and no 
glaucoma reveal little or no depigmentation 
of the iris. 

The observation that glaucoma in this 
series appeared to be associated with rela- 
tively less myopia conforms to our concept 
that a crowded angle is associated with a 
higher intraocular pressure. The number of 
eyes are too few to draw final conclusions 
on this point. But it is interesting to note 
that in another study, of males with pig- 
mentary glaucoma, the same _ relationship 
exists.* This lends further support to the 
idea that, given a definite amount of iris 
depigmentation, the filtering capacity of a 
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less myopic eye will be embarrassed before 


that of a more myopic eye with a wider 
angle. 


Management of Pigmentary Glaucoma 
in Females 
According to the earlier papers concerned 
with pigmentary glaucoma, management 
appears to be a simple matter of miotics 
and only one or two of the males required 
surgical intervention.’? In my experience 
with females suffering from this disease, 
management has been most difficult and in 
only one has the use of miotics alone been 
successful. Furthermore, several surgical 
procedures on a single eye have been 
required. Iris inclusion operations and 
cyclodialysis failed in my first case. Cyclo- 
diathermy and miotics finally brought this 
case under control. Theoretically a trephin- 
ing or a LaGrange procedure is the opera- 
tion of choice, but, in my hands, these have 
not worked well, and I have had to resort 
to cyclodiathermy and miotics in order to 
hold the pressure at normal levels. In one 
eye a modified LaGrange operation was 
successful. In a case of acute pigmentary 
glaucoma posterior lip sclerectomy and 
later a trephining failed to normalize the 
pressure. Two cyclodiathermies were then 
performed and, with the daily use of iso- 
flurophate, appear to be holding the tension 
at an acceptable level. Acetazolamide has 
been of value as a temporary measure be- 
tween operations but has not afforded ade- 
quate control by itself or could not be 
tolerated in sufficient dosage to provide com- 
plete control. In only one patient, 125 mg. 
of acetazolamide taken at night in addition 
to miotics has been helpful in maintaining 
the pressure. This patient had two previous 
surgical procedures on each eye and, in 
addition, required miotics and acetazolamide. 
The difference in the behavior of these 
female cases compared with that of the 
males having this disease is interesting and 
is the subject of a separate study now in 
progress.® 
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Fig. 9.—Section of eye 
showing degeneration of 
the pigment epithelium 
in a case of Kruken- 
berg’s spindle. This sec- 
tion has been cleared of 
pigment, and one can 
observe the almost com- 
plete absence of epithe- 
lium, particularly over 
the posterior surface of 
the iris. (Reproduced 
from Hanssen,‘ Klinische 
Monatsblatter fiir Augen- 
heilkunde und fiir augen- 
arztliche Fortbildung, 
Ferdinand Enke, Stutt- 
gart.) 


Pathologic Physiology 


There have been no pathology reports 
of eyes with pigmentary glaucoma in the 
literature, but two eyes with Krukenberg 
spindles have been studied microscopically.*® 
These showed depigmentation and degenera- 
tion of the pigment epithelial layer overlying 
the posterior surface of the iris and ciliary 
body (Fig. 9). 

Clinically, by transillumination, one makes 
the same observations, namely, absence of 
the pigment epithelium in varying degrees. 
This depigmentation can be roughly corre- 
lated to the degree of severity of the glau- 
coma, 


Comment 

On the basis of clinical and _ statistical 
evidence, one gains the impression that de- 
pigmentation of the iris precedes the devel- 
opment of glaucoma, Since roughly only 5% 
of patients with Krukenberg’s spindle de- 
velop glaucoma, obviously, depigmentation 
of the iris is not the sole factor in the 
production of the glaucoma. Patients with 
glaucoma have more advanced pigmentary 
degeneration of the iris epithelium than 
those who have Krukenberg spindles with- 
out glaucoma. Thus, the severity of the 
atrophy of the pigment layer appears to be 
related to the development of glaucoma. 
Statistically, the female with Krukenberg 
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spindle and glaucoma is older than the pa- 
tient with no glaucoma, and the female with 
Krukenberg spindle and glaucoma is rela- 
tively less myopic than the female with no 
glaucoma. 

What causes the depigmentation of the 
iris epithelium is not known, Since the 
condition occurs predominantly in myopic 
eyes, one might speculate that it is similar 
to the myopic stretching that produces 
chororetinal atrophy in the posterior pole of 
the eye. 

The rarity of this disease and the absence 
of pathological material limits our knowl- 
edge. However, since the depigmentation 
occurs predominantly in middle life, the 
term concentric essential atrophy of the pig- 
ment epithelium of the iris might be em- 
ployed as the most descriptive term in our 
present state of ignorance. In those cases 
that I have observed with glaucoma, this 
atrophy has always been severe, 

Also, the statistical evidence suggests that 
glaucoma is seen relatively late in the dis- 
ease, 

Control of the intraocular pressure in 
females with pigmentary glaucoma is diffi- 
cult as compared with males. Multiple sur- 
gical procedures have been required in three 
of four cases and, in addition, miotics as 
well as acetazolamide have been employed. 
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Summary 

Five cases of atrophy of the pigment epi- 
thelium of the iris in females have been 
presented. Four satisfy the criteria for 
classical pigmentary glaucoma. In one of 
these the underlying cause was not identified 
until an “acute” glaucoma was brought 
under control. To my knowledge, this is 
the first case of acute pigmentary glaucoma 
to be reported. 

The value of iris transillumination in the 
study of pigmentary glaucoma is stressed. 

A statistical comparison of females having 
Krukenberg’s spindle with and without glau- 
coma is presented. 


Essential concentric atrophy of the pig- 
ment epithelium of the iris appears to be 
the underlying pathologic process. 


The difficulty of control of the intraocular 
pressure in this series of females is empha- 
sized. 


33 Mulberry St. (5). 
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Prematurity 


IRA |. ELIASOPH, M.D., New York 


To state that oxygen brings about the 
retinopathy of prematurity seems an over- 
simplification. The objective of this paper 
is to present some of the physiological back- 
ground upon which retrolental fibroplasia 
develops and to examine the possible etio- 
logic relationship of factors other than 
oxygen therapy. In this examination certain 
thoughts may possibly be stimulated in re- 
gard to current thinking about other prob- 
lems in vascular disease of the retina. The 
approach is not from statistical analysis of 
data but rather from the physiological point 
of view. There is little purpose in present- 
ing here a history of the disease or the 
sequence of researches that have led to the 
general acceptance of high oxygen adminis- 
tration as its exciting cause, 

The immature infant is a complex being 
whose various organ systems have been 
presented, without adequate preparation, 
with an imposing work load. The term “im- 
mature infant” was chosen as best repre- 
senting that group of infants born without 
the necessary armamentarium to cope with 
extrauterine life, regardless of weight or 
period of gestation.’ Some of the differ- 
ences between the premature and the adult 
and their bearing on the disease of retro- 
lental fibroplasia (or retinopathy of pre- 
maturity) follow. 

One of the great problems with the 
immature infant is his general hydration. 
This is the resultant of the very high pro- 
portional surface water (and also heat) 
loss, in the presence of a gastric capacity 
that is not able to handle the added intake 
~ Received for publication April 16, 1957. 

From the Ophthalmologic Service, Mt. Sinai 
Hospital. 


A Physiological Reevaluation of the Retinopathy of 


requirement. One must consider also the 
additional factor of adrenal immaturity. 
(Criteria for this are loss of water, sodium, 
and chloride, “in the face of the administra- 
tion of these substances in what would be 
more than adequate amounts for a normal 
infant of equal weight,” as well as response 
by therapy with desoxycorticosterone ace- 
tate [Doca]). The over-all pattern of 
adrenal corticoid excretion and the low re- 
sponse of the infant to corticotropin 
(ACTH) show a state of functional adrenal 
immaturity.” 

The premature as well as the full-term 
infant shows a state of reduced renal func- 
tion that has shortcomings, 

To quote from Homer Smith’s classic 
text, “In brief, then, an interpretation that 
will fit all the facts is about as follows: 
glomerular development outruns tubular 
development in the late stages of fetal life 
so that, at term, the kidney has its full com- 
plement of glomeruli but a deficient quantity 
of proximal tubule tissue. Although the 
blood pressure is essentially normal, the 
filtration rate per gm. of kidney is low at 
birth because of impedance of filtration by 
the fetal epithelium. But, despite this func- 
tional deficiency in glomerular activity 
(i. e., relative to the number of glomeruli 
present), the circulation is predominantly a 
glomerular one because of a greater defi- 
ciency in development of proximal (renal 
tubule) tissue, and considerable post-glo- 
merular blood escapes tubular clearance. 

.”” “As proximal tissue develops in the 
first year or so of life, all post-glomerular 
blood comes ultimately to be presented to 
proximal tissue for clearance . . .” and the 
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significant discrete functions come to their 
normal adult ratios.* 

In spite of the heavy lining of the glo- 
meruli, albumin comes through into the 
urine in the neonatal period, This loss 
tends to lower circulating volume. How- 
ever, the fetus is known to survive to term 
with renal agenesis or obstructed urinary 
passages, with other development progress- 
ing unimpeded until birth, when renal func- 
tion is suddenly a_ vital requirement. 
“Against any factor tending to expand or 
contract the body fluids, the infant has but 
a narrow margin of renal functional de- 
fense.” * 

The graph in Figure 1 serves to show the 
relationship of the premature infant to the 
adult as far as urinary concentrating power 
is concerned.* In regard to the loss of fixed 
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base and water commented on above, there 


is also the consideration of the effect ob- 
served of increased pCO, on increasing 
tubular reabsorption of bicarbonate-bound 
base. This effect is not lost by maintaining 
constant pH; for it will occur without the 
pH fall that usually follows increased 
pCOz. The use of carbonic anhydrase in- 
hibitors in adults serves to decrease the 
bicarbonate reabsorption. Prematures, with 
their low level of this enzyme, are already 
in this situation. In addition to this, it is 
notable that in normal adults COs tension 
influences the tubular reabsorption of bicar- 
bonate-bound base in spite of reduced car- 
bonic anhydrase activity.‘ 

The level of carbonic anhydrase has been 
established to be low in the fetus and in 
the newborn.®® The level in the newborn 
erythrocytes is about four-fifths of the adult 
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RETINOPATHY OF PREMATURITY 


value. Transfusion with adult blood raises 
the concentration. The metabolic pattern 
in the premature infant, being different 
from the adult, does not give him the same 
requirement for this enzyme. 


Data on the use of a carbonic anhydrase 
inhibitor in respiratory acidosis have shown 
that blood pCO, has been reduced, with 
improvement in the clinical picture. On 
the other hand, in cases where there is a 
metabolic acidosis or with a deficit of fixed 
base there is an aggravation of the diffi- 
culty.?’ This is reminiscent of the state in 
the diabetic adult, whose metabolic pattern 
is generally one of a compensated metabolic 
acidosis. (Lability of diabetes will increase 
the duration of time in a phase of high acid 
load.) Thus, the diabetic is generally in 
a state of relative depletion of fixed base 
and also of water. 


The importance of the enzymatic state of 
the fetus, the premature infant, and the 
full-term infant is recognized. In regard to 
the unknown mechanism by which oxygen 
seems to act in retrolental fibroplasia, one 
author writes that “damage to enzymes 
containing -SH (sulfhydryl) groups ap- 
pears likely.”* The presence of anaerobic 
metabolic pathways in the fetus and infant, 
especially in their retinas, has been docu- 
mented.*" The production of carbon diox- 
ide is presumably decreased, and a higher 
level of lactate and pyruvate is thus main- 
tained. The gradual change of the metabolic 
pattern with time was shown by Kabat? 
to follow a descending hyperbolic curve 
when tolerance to asphyxia was plotted 
against time. Carbon dioxide produced also 
may be “fixed” by entering into the equi- 
librium between oxaloacetic acid and 
pyruvic acid: 

CO2+ CH ;.CO.COOH 
=HOOC.CH2CO.COOH." 

Vasoconstriction resulting from cold is 
well known. Vasoconstriction in the umbili- 
cal cord (which lacks any nerves) with 
exposure to decreased temperature '* may 
be somewhat parallel to vasoconstriction in 
developing vessels. The temperature of 
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some newborn infants has been reported 
by Dr. Harry H. Gordon and others to be 
below 90 F on admission to a premature 
center or on departure from the delivery 
room, with a gradual rise to 97 F in a period 
varying from several days to several 
weeks.’ Temperatures of 90 to 93 F on 
leaving the delivery room are frequent, with 
the temperatures of premature infants lower 
than those of full-term infants and more 
labile. The effects upon chemical equilibria 
of the hypothermia could well be a factor in 
the metabolism and growth of a developing 
fetal type of tissue. Metabolic decrease with 
hypothermia will decrease CO, production. 

The assessment of the effects of blood 
viscosity on retinal vascular flow is purely 
speculative. The multiplicity of factors that 
alter this property of blood, and thereby the 
circulation, is such that direct measurements 
would be needed to determine the actual 
significance of any changes. Oxygen lowers 
viscosity, as do anemia and hypoglycemia; 
viscosity increases with CO, content, tem- 
perature drop, hyperglycemia, hypercal- 
cemia, acidosis, and hemoconcentration.® 
Anticoagulants are known to alter viscosity. 
Hypocalcemia is frequently greater in pre- 
mature infants, in whom rickets is a sub- 
stantial problem, and is related to other 
electrolyte disturbances, 


The anemia of the premature is particu- 
larly refractory to the use of hematinics, 


and it has been found that transfusion 
is often the only effective treatment.’ There 
is evidence also that erythropoiesis is 
diminished by inhalation of higher than 
usual amounts of oxygen.’* The presence 
of the fetal type of hemoglobin in the pre- 
mature infant is about the same as in the 
full-term infant. (over 80%). Its persis- 
tence beyond the 16 to 20 weeks seen in 
full-term infants has been documented, The 
normal formation of red blood cells is there- 
fore late. With growth of the vascular 
compartment and loss of fetal red blood 
cells, anemia results.” The onset of retro- 
lental fibroplasia prior to the lowest ebb of 
anemia tends to negate this as a prime 
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etiologic factor.’* It is significant that fetal 
hemoglobin has a greater ability to take up 
oxygen than the adult type. No data seem 
to be available on whether the hemoglobin 
released and producing the so-called 
physiologic icterus has deleterious effects in 
the infant, as does hemoglobinemia in the 
adult..7 The relatively longer persistence of 
hemoglobinemia in the premature infant 
might make this important. 


Variability in the blood sugar level of the 
immature infant has its effect on blood 
viscosity and cellular metabolism and has an 
additional effect on central nervous system 
activity. It has been demonstrated that 
hypoglycemia increases the sensitivity of the 
vasomotor center to COs, so that the 
peripheral vasodilator effect may be changed 
to result in a pressor response. The fall 
in blood pressure resulting from a high COz 
level under the experimental conditions be- 
came a rise when the blood sugar level 
fell below 40 mg. per 100 cc. This was 
reversed when dextrose was injected."* 

Work of Norman Ashton showed that the 
sympathetic nerve supply to the eye was 
not involved in the reactions to oxygen in 
experiments with puppies. This would tend 
to eliminate the above as a significant fac- 
tor."° The peripheral action of glucose levels 
on vasoconstrictor or vasodilator effects is 
another matter, 

The vascular filling of any part of the 
peripheral circulation will depend upon the 
cardiac output and the circulating volume 
as limiting factors, in addition to the local 
vasomotor effects. This is important in the 
development of any new vascular bed. The 
decreased circulating volume in situations 
of dehydration and _ salt. depletion, hypo- 
proteinemia, and anemia has been discussed. 


The cardiac output falls in response to 
increased oxygen by 8% to 19%, by de- 
crease in both rate and stroke volume." 
Cardiac output is increased in response to 
carbon dioxide by both direct and indirect 
effects on the cardiac muscle, cardioregula- 
tory centers, and peripheral vessels.° 
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The changes from the fetal to the post- 
natal circulation involve a shift of blood into 
the pulmonary bed. If oxygen is adminis- 
tered, there is pulmonary vasodilation with 
a drop in pulmonary artery pressure and an 
additional shift of circulating volume into 
the minor circulation. In the adult this 
effect may drop the vital capacity by 1600 
cc., although this may be due to other effects 
besides vasodilation. The respiratory activ- 
ity is among these. The administration of 
high levels of oxygen (from 30% to 100% ) 
has been shown to increase the respiratory 
minute volume in premature infants by 
about 30%.'® On the basis of respiratory 
dynamics, this produces a greater interval 
of decreased intrathoracic pressure, and 
this contributes to expansion of the pulmon- 
ary vascular bed. 


A relative hyperventilation thus produced 
by oxygen will wash out carbon dioxide. 
The effect of hyperventilation may be di- 
vided into three phases *°: 

1, Period of lung COs washout (half-time in 
the order of seconds) 

2. Period of blood and tissue CO, 
(half-time in the order of minutes) 


3. Period of base excretion (half-time in the 
order of days) 


washout 


In utero COs levels are relatively high, 
and the apneic state must be dependent upon 
a markedly depressed sensitivity of the 
respiratory center. The COz gradient across 
the placenta is 1.3 to 1.0.72 It is now known 
that irregularity of respiration is not the 
result of anoxia. That idea, however, was 
partly responsible for the enthusiastic use 
of oxygen therapy for premature infants. 
At present oxygen is being used only in 
small amounts compared with several years 
ago, without deleterious result. Both oxygen 
and carbon dioxide have the effect of pro- 
ducing greater regularity and an increased 
minute volume of respiration. 

The general development of the neural 
ectoderm in the optic cup progresses ffom 
the posterior pole around toward the an- 
terior part of the globe. The mitoses occur 
primarily at the side of the future pigment 
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epithelium, and so the oldest cells come to 
lie innermost, adjacent to the vitreous cham- 
ber.*? The beginning retinal nuclear division 
occurs during the period prior to the 100 
mm, stage (during the first trimester). At 
the end of that period, the third stage of 
retinal development begins with the onset 
of growth of the retinal elements and dis- 
appearance of the transient layer of 
Chievitz.**:** The vessels growing out 
normally from the disc start earlier tempo- 
rally than nasally. The following is quoted 
from Michaelson.”® 

The portion of the retina temporal to a line 
drawn vertically through the optic disc is different 
from that nasal to the disc in two important re- 
spects. It contains a much greater number of 
ganglion cells and it is more extensive, its area 
being about 50 per cent more than the area nasal 
to the disc. If these are the features which in- 
fluence the growth of the temporal vessels so 
that for one period they are present when there 
are as yet no nasal vessels in the retina, it would 
appear that they can do so only on the hypothesis 
that new-vessel formation is a function of retinal 
activity, or, in other words, that there is in the 
extra-vascular portions of the retina a factor or 
factors affecting the budding of new vessels. This 
would appear a more acceptable hypothesis than 
the alternative assumption which would imply a 
morphological specificity resident in the artery in 
the optic disc and capable of ordering a temporal 
before a nasal budding. 

The arrangement of normal retinal vas- 
culature is dependent upon this phenomenon 
and the existence of the choroidal circula- 
tion. This circulation is quite adequate for 
the support of the whole retina until the 
function (and metabolism) exceed a certain 
critical level. The over-all thickness of the 
retina and its metabolic level advance in a 
manner that provides for the development 
of capillary nets, first nearest the vitreous 
and then deeper, in orderly progression.*® 
Ultimately the structure is determined by 
the biochemical requirement and the micro- 
planes structurally determined prior to 
vascular ingrowth, 

The classical illustration of the capillary 
and the transfers that occur across its wall 
(according to Starling’s hypothesis) shows 
the dependence of fluid flow upon the 
gradients of hydrostatic and osmotic pres- 


Fliasoph 


sure, or of concentrations of a particular 
substance under consideration (Fig. 24). 
The outward passage of water on the 
arterial side and the return at the venous 
side give the “paravascular” circulation of 
water and solutes through the tissue inter- 
stices. The gradients will increase or de- 
crease according to the production or 
consumption of the substance in the cells. 
The trend of concentration will be alike for 
a given component in the vessel and in the 
paravascular circuit moving from the ar- 
terial to the venous side (Fig. 2B). 

A substance (which we may call Factor 
X) that is produced in the tissues will fol- 
low the pattern of all tissue products in its 
concentration gradient (Fig. 2C). 

The retinal vasoconstrictive action of the 
high-oxygen environment has been empha- 
sized in the literature, but the action of 
other factors at the retinal capillary level 
has not been. The action of COs, specif- 
ically, merits further attention. Its activity 
as a powerful vasodilator has long been 
known, and its effects on the pial vessels 
and cerebral blood flow have received a 
good deal of recent attention, The circula- 
tions in the retina and in the pia mater can 
be presumed to be much alike in their re- 
sponses, 

The work of Wolff and Lennox ** dem- 
onstrated the relatively large effect of 
COs as a vasodilator on the pial vessels in 
comparison with the effect of oxygen lack. 
It is important to note that the vascular 
changes seen in their experiments appeared 
only after alteration in the respiration. 

COs serves to shift the oxygen dissocia- 
tion curve of hemoglobin downward (as do 
acidity and temperature increase), so that 
tissue oxygenation is aided near the venous 
side of the circulation, 

Substances such as histamine, acetylcho- 
line, choline, adenosine, lactate, and pyruvate 
in the body produce vasodilation, as does 
fall in local pH. Substances such as nitrates, 
pentylenetetrazole (Metrazol), caffeine (in 
the cerebral circulation), nicotinic acid, and 
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“PARA- VASCULAR CIRCULATION” 


FACTOR X 


Figure 2 


ether and other anesthetic gases also serve 
as vasodilators. 

Vasoconstriction may be produced by 
high oxygen, low COs, high pH, epineph- 
rine, arterenol, posterior pituitary injection 
(Pituitrin), ephedrine, tyramine, ampheta- 
mine (Benzedrine), and barium chloride. 

Following oxygen administration in in- 
fants and experimental animals (primarily 
kittens), retinal vasoconstriction occurs, fol- 
lowed by vasodilation and obliteration and 
then by proliferative changes.2"** The 
initial phases of vascular activity have been 
shown to be reversible on return of the 
animal to room air. In most cases the 
proliferative changes are brought about by 
this change, although in one study severe 
forms of the disease of retrolental fibro- 
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plasia were seen in babies never out of the 
oxygen-enriched atmosphere.*® High-oxygen 
environment has been shown to be asso- 
ciated with local vasomotor changes in the 
retinal circulation and changes in the elec- 
troretinogram. Oxygen in retinal vascular 
obstruction has given expansion of visual 
fields (in clinical cases) and a measurable 
passage of oxygen through the retina from 
the choroidal circulation (in experimental 
animals ).*°*! The changes in the electro- 
retinogram with administration of high 
oxygen occurred while the animal was in the 
oxygen, and these changes were of the same 
type as seen with both central and branch 
artery or vein closures. There was reversal 
of the electroretinogram to normal on re- 
turn to air of the experimental animals with 
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developing vessels, in spite of the disturbed 
nature of the new vessel growth associated 
with the normalization of the recordings. 
The work of Michaelson has shown the 
development and final pattern of the retinal 
circulation and leads to the conclusion that 
“new vessel formation is a function of 
retinal activity, or, in other words, that there 
is in the extra-vascular portions of the 
retina a factor or factors affecting the 
budding of new vessels.” This factor or 
factors he has characterized as follows **: 


(a) It is present in the extra-vascular tissue 
of the retina. 


(b) It is present in a gradient of concentration 
such that it differs in arterial and venous 


neighborhoods. 


Its action is on the retinal veins pre- 
dominately. 


(c) 


(d) The factor initiating the capillary growth 


from a vein probably determines the dis- 
tance to which that growth will extend, 
initiation and cessation depending on 
variations in the concentration of the factor. 


The existence of a Factor X as well as its 
origin in the tissues seems undeniable. It 
must logically be a substance that is a normal 
constituent or metabolic product. Factor X 
stimulates growth of vessels when it is 
present above a critical level for the par- 
ticular vessels involved. Its relation to COs, 
lactate, pyruvate, or other acid vasodilating 
substances seems probable. Administration 
of COs should enhance the effect of Factor 
X, if it can reach to the venular end- 
capillary (termination of the developing 
venous tree). This will occur only if the 
arterial end-capillary (termination of the 
developing arterial tree) is patent and filling. 
That is partly a function of the vasodilators 
that can be brought to bear here. COzg was 
given by Ashton in 5% concentration in 
60% to 70% oxygen without effect in 
experimental animals.*7 Recent work shows 
that the response of the human cerebral 
circulation to COs, is probably a threshold 
phenomenon.** This threshold may very 
well not have been exceeded in Ashton’s 
trials. 
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The primary retinal vasoconstriction 
brought about by the combination of oxygen 
excess and COs deficiency covers the ar- 
terioles, the established capillaries, the arte- 
rial and venular capillary beds, and the 
veins. This is the first phase seen with 
high-oxygen administration. The blood 
coming to the arterial side (and diffu- 
sion from the choroid) maintains the clo- 
sure on the arterial side. Beyond the closure, 
toward the venular side, COz, acid metabo- 
lites, and Factor X increase slightly, coun- 
teracting to some degree the constrictive 
effect of the oxygen. The more marked the 
arterial closure with the oxygen the 
greater the accumulation of dilators to bring 
about the secondary vasodilation phase. 
There is, however, during this period of 
arterial closure, no through and through 
flow, only the paravascular circuit from the 
choriocapillaries through to the retinal 
venous drainage. 

Capillaries do not have to contract along 
their whole length. Stimulation with a fine 
hair under the microscope has been shown 
to dilate a capillary only in a fraction of its: 
length (work of Krogh cited in Reference 
5). 

In Ashton and Cook’s paper on direct 
observation of the retinal vessels,** their 
Figure 6 shows the changes in retinal ves- 
sels with a high oxygen environment. In 
(a) the normal pattern of vessels is shown. 
In (b) the capillary net cannot be seen at 
all, and the large vessels are narrowed. 
In (c) the arterial side is only faintly seen. 
In (d) a main vein still remained open. 

On change of the respired gas mixture 
to one containing relatively less oxygen and 
more COs, the arteriolar side tends to 
reopen, If the stasis has persisted too long, 
then the vessels will be more or less throm- 
bosed. The smaller the vessel the more 
marked the closure. There will be adher- 
ence of the walls of the vessels at the 
arterial side and sludging and platelet ag- 
glutination on the venous side. This would 
explain the beneficial effects of anticoagu- 
lants as found by Ashton.?7:* Those vessels 
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which have closed completely will not grow the venous side. In venous obstruction the 
in the fashion they did previously, although accumulation of Factor X will be a primary 
as circulation resumes they will grow in effect and thus the vascular changes here 
profusion, owing to the high level of Fac- will be prominent. 
tor X accumulated (Fig. 3). In diabetes the difficulty in carrying the 
The results of arterial and of venous ob- breakdown of glucose beyond the lactate- 
struction will differ in the adult retina on pyruvate stage will increase these and other 
this basis. Arterial occlusion cuts off oxy- constituents. The problem will be com- 
gen and nutrient supply and stops metabolic pounded by episodes of acidosis, with in- 
processes. If only a partial obstruction, the creased blood viscosity and decreased flow 
effect is to reduce metabolism and reduce from vascular disease of sclerotic type. Loss 
production of Factor X, which, however, is of vasomotor tone and possibly complicated 
still drained away by a patent venous arteriosclerotic heart disease would also de- 
system. In anemia the lack of oxygen is crease flow. 
greater than the lack of glucose and the It is necessary to maintain the flow 
anaerobic metabolic products, which include through the retinal vessels to maintain the 
or comprise Factor X, may reach the critical metabolic level of the tissues at the optimum 
level in certain areas of circulation near and to remove the metabolic by-products at 
502 
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the appropriate rate. The cases of retro- 
lental fibroplasia that occur without the pa- 
tient having been in high oxygen *® might 
be clarified on the basis of the preceding 
line of thinking. The pattern of growth in 
the detached retina, I believe, is explained 
also by analysis according to the above rea- 
soning. The choroidal circulation is what 
contributes the excessive oxygen and serves 
to carry away the CO» and Factor X. When 
the retina is detached, the diffusion over the 
intervening fluid makes the gradients high- 
er. This might serve to protect the retina 
in its development from the so-called para- 
doxical anoxia of high-oxygen administra- 
tion. Ashton observed the return of normal 
vascularization in the retina when it be- 
came detached after the initial changes in 
vaso-obliteration appeared. 

The proliferative phase of the disease 
occurring in air is merely the attempt of 
the retinal vessels to supply circulation for 
the areas that were supplied adequately 
by the choroidal circulation in the high-oxy- 
gen environment. This proliferation may be 
minimal and stop when the requirement of 
the tissue is met, or else it may be pro- 
gressive and result in disruption of the eye. 

The complete evaluation of the etiology 
of the retinopathy of prematurity awaits 
comprehensive quantitative studies of blood 
levels of oxygen, carbon dioxide, pH, glu- 
cose, albumin and globulin, lactate, pyruvate, 
and other metabolites. All these measure- 
ments will have to be made in the same 
individual subjects (infants or experimental 
animals) and correlated directly with the 
changes found in the retinal vasculature un- 
der specific conditions. 


Summary 


In this paper some physiological and de- 
velopmental data on the immature infant 
are reviewed in relation to the retinopathy 
of prematurity. 

Factors affecting circulating blood volume, 
acid-base balance, and tissue metabolism are 
reviewed, The retinal capillary blood flow, 
vasomotor status, and response to various 
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conditions are discussed. The indirect ef- 
fects of oxygen and carbon dioxide on the 
retinal vessels are compared and contrasted. 


The role of a tissue factor (Factor X) in 
new vessel growth, as proposed by Michael- 
son, is reexamined. Michaelson’s criteria for 
Factor X appear to be fulfilled by sub- 
stances normally produced in the tissue by 
anaerobic glycolysis. From these considera- 
tions an hypothesis has been derived to 
explain the sequence of vasoconstriction, 
vasodilation, vaso-obliteration, and prolifera- 
tion in the retinopathy of prematurity. The 
same considerations may serve to explain 
many other phenomena of vascular disease 
and metabolic disorders. 


65 E. 96th St. (28). 
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Types of Acquired Color-Vision Defects 


SYNG-MIN HONG, M.D., St. Lovis 


Physical light stimuli, if absorbed by the 
photosensitive substance or substances in 
the cones, generate impulses in the photo- 
receptors. These impulses pass through the 
centripetal bipolar cells and are transmitted 
to the ganglion cells, along whose axis 
cylinders they are finally conveyed to the 
brain, 


It is possible that pathological changes 
in this retinocerebral pathway may disturb 
the normal trichromatic function quantita- 
tively and qualitatively. In such acquired 
lesions of color perception, not only is color 
vision disturbed but visual fields are also 
affected. Therefore, the symptoms of ac- 
quired color-vision defects are usually very 
complicated. They may differ from those of 
congenital disturbances of color vision, the 
symptoms of which are so characteristically 
uniform that a clear-cut classification can 
be applied. 

As far as the acquired color-vision de- 
fects are concerned, our knowledge is very 
limited and incomplete and we do not have 
widely approved classification, K6llner 
(1912)! believed that acquired color blind- 
ness could be classified under three head- 
ings: blue-yellow, red-green, and total color 
blindness. He also summarized his and 
other’s reports (Nagel, Pergens, and Piper) 
on acquired total color blindness, in which 
he stated that the luminosity curve of the 
spectrum of acquired total color blindness 
is quite different from that of congenital 
total color blindness, the portion of the 
spectrum appearing brightest being at green 
in the latter but at yellow (660myp-570myp) 
in the former. This had been thought to 
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be the distinguishing factor between con- 
genital and acquired total color blindness. 
It is obvious that K6llner referred to the 
total color blindness characterized by con- 
genital absence of cones. In cases of total 
color blindness where photopic receptors are 
present, this differentiation would not be 
valid. 

In using his classification re- 
ported on the validity of the Rayleigh equa- 
tion and stated that the ratio of red- and 
green-eliciting rays together results in a yel- 
low perception which is different in ac- 
quired blue-yellow blindness and in acquired 
red-green blindness. Mori (1916)* re- 
ported that the validity of the Rayleigh 
equation in cases of central retinitis is just 
the same as in acquired blue-yellow blind- 
ness but that in cases of retrobulbar neu- 
ritis it is the same as in acquired red-green 
blindness as classified by K6llner, 

In normal trichromatism, as in congenital 
dichromatism and monochromatism, Grass- 
mann’s third law is substantiated *.7; The 
intensity of a color produced by the mixture 
of two or more different monochromatic 
lights is equal to the algebraic sum of their 
intensities. But nobody has performed these 
observations in cases of acquired lesions of 
color vision, even though there has been 
great interest in this problem. 

While I was in the Department of Oph- 
thalmology of Kyusyu University, in Japan, 
I investigated these aspects of color vision 
in the following diseases: central retinitis, 
hereditary macular degeneration, diabetic 
retinopathy, renal retinopathy, solitary 
tubercle of macula lutea, syphilitic optic 
neuritis, retrobulbar optic neuritis and optic 
atrophy. In my experiments, Nagel’s anom- 
aloscope Model II has been used in the 
investigation of the characteristic luminosity 
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Fig. 1—Luminosity curve of central retinitis. 
Broken line, Case 3; dotted broken line, Case 1 
continuous line, control. 


curve, the validity of the Rayleigh equation, 
and the validity of Grassmann’s third law.* 

By correlating the results, all cases of 
acquired color-vision defects can be divided 
into two categories. The first contains dis- 
turbances caused by retinal diseases; the 
second, those caused by optic nerve dis- 
eases. For convenience, the term retinal 
group will be used for the first, and the 
term neural group, for the second. A com- 
parison of the findings in the two groups 
will be made. 


100 


Fig. 2.—Luminosity curve of hereditary macular 
degeneration. Broken line, Case 12 (O. D.); 
dotted broken line, Case 12 (O. S.); continuous 
line, control. 


A. The Luminosity Curve in the 
Spectrum 


1. In the retinal group, the luminosity 
curve gradually shifts toward the short- 
wave-length side of the spectrum. The more 
severe the disease the more marked the 
shifting of the curve, until finally the curve 
becomes identical to that of monochromatism 
or that in scotopic vision. That is to say, 
the portion of the spectrum appearing 
brightest shifts from the yellow (610mp- 
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Fig. 3.—Luminosity curve of diabetic retinopathy 
(dotted broken line, Case 28); renal retinopathy 
(broken line, Case 40); control (continuous line). 
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Fig. 4.—Luminosity curve of solitary tubercle 


of fovea (dotted broken line, Case 29); Control 


(continuous line) 


Vol. 58, Oct., 1957 


: 
i? 
\ 
\ 
4 i} 
f ? 
a 650 00 500 mu 
= 
| 
Hy 
i \ 
\ 
sc if | 
if eee 
fy \ 
if 
/ 


ACQUIRED COLOR-VISION DEFECTS 


400 


650 600 550 500 mM 

Fig. 5.—Luminosity curve of simple optic nerve 
atrophy (continuous line, Case 15); glaucomatous 
optic nerve atrophy (dotted broken line, Case 16) ; 
inflammatory optic nerve atrophy ( broken line, 
Case 17). 
587mp) to, finally, the green (550mp- 
538.5mp) (Figs. 1-4*). 

2. In the neural group, on the other hand, 
the position of the luminosity curve in the 
spectrum never changes, whether the color 
perception has been disturbed partially or 
totally. Thus the peak of the luminosity 
curve is constantly at yellow (601mp- 


587mp) (Figs. 5 and 6). 


*In these Figures, the vertical axis indicates 
the arbitrary units of intensities and the hori- 
zontal axis indicates the wavelengths. Case num- 
bers shown this article are the same as in my 
original report. 


Fig. 6.—Luminosity curve of retrobulbar optic 
neuritis (continuous line, Case 21); syphilitic optic 
neuritis (dotted broken line, Case 22 


B. The Rayleigh Equation 


The range of the equation is markedly 
extended in both groups (color asthenopia). 
This may be due to the increase of the 
color-vision threshold. The ratio of a mix- 
ture of spectral red (lithium red, 665.6m,) 
and spectral green (thalium green, 
540.0mp) identical with spectral yellow 
(sodium yellow, 589.3my) produces effects 
in the retinal group which are different from 
those produced in the neural group, as 
shown in Figure 7. 

More specifically, (1) in the retinal 
group, more red and less green than the 
normal is needed; (2) in the neural group, 


RETINAL GROup NORMAL NEURAL GROUP 
SES SSS = 
> SSS+ SSSSss BS} 
PAS SSSSESSSSSSS SNS S PS 

3 S3 Ss SSSS3 Wi OB 

3 SSN BSE 

Ns SSS NSSS 


Fig. 7—The Rayleigh equation. Blanks between black and — lines indicate the range 


of the Rayleigh equation. Notice the marked extension in both abnormal groups (color 


asthenopia). 
Hong 
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i 


Fig. 8—Accumulation of intensity in retinal 
group. Vertical axis, the intensity of mono- 
chromatic light (589.3my); horizontal axis, the 
intensity of mixed light (665.6mp and 540.0m,z). 


on the contrary, more green and less red 


‘than the normal is generally needed, but in 


a few cases the ratio of red and green is 
almost normal. 


C. Grassmann’s Third Law 


The detailed observations and interpre- 
tations relating to Grassmann’s third law 
were presented extensively in my original 
report.” For convenience, here only the 
data on a mixed light of 665.6mp and 
540.0myp in relationship to a monochromatic 
light of 589.3mp will be presented and dis- 
cussed, Figure 8, referring to the retinal 
group, and Figure 9, to the neural group, 
show the relative intensities necessary for 
mixed light and monochromatic light to ap- 
pear equally bright to those with acquired 
color-vision disorders, The inclination 
values (measured and calculated) of those 
curves are shown in Table 1. 

1. In the retinal group, it will be seen in 
Table 1 that the difference between experi- 
mentally measured value and calculated 
value is much greater than in the control 
group, which shows a difference of 0.02. 
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Fig 9.—Accumulation of intensity in neural 
group. Vertical axis, the intensity of mono- 
chromatic light (589.3mg); horizontal axis, the 
intensity of mixed light (665.6my and 540.0m,z). 


This fact shows that the expected intensities 
resultant from the mixed light do not follow 
the intensities calculated according to Grass- 
mann’s third law, and hence this law is not 
generally substantiated.* In other words, in 
the retinal group, only certain selected wave- 
lengths fulfill the specifications of Grass- 
mann’s third law. 

These effects will vary, in the specific 
wavelength and amplitude of the spectrum 
involved, from one person to another and 
from time to time as the disease progresses. 


TasLe 1.—Inclination Values* of Curves Shown 
in Figures 8 and 9 


Group Case Measured Calculated Difference 
No. Value 


alue 

9 2.48 2.44 0.14 
9 2.43 2.30 0.13 
Retinal 10 1.03 1.00 0.03 
i 3.22 2.93 0.29 
12 0.86 0.95 9.09 
Control (normal) t 0.22 0.20 0.02 
0.06 0.04 0.02 

19 0.21 0.21 0 
Neural 19 0.22 0.21 0.01 
22 0.16 0.15 0.01 
22 0.21 0.19 0.02 


*The inclination values of the retinal group are greater than 
cress 4 neural group. But this has no meaning for Grassmann’s 
w. 
These values have been established by a study of 10 normal 
eyes. 
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2. In the neural group, however, Table 1 
shows that the variation between inclina- 
tion value found by experiment and cal- 
culated value is equal to or less than the 
control difference of 0.02. Therefore, in 
this group we find that the requirements of 
Grassmann’s third law are fulfilled. That 
is, in the neural group, however severely 
the color vision may be disturbed, the above 
mentioned law is usually well substantiated. 


Comment 


Independent of the cause, acquired color- 
vision disorders may start as a slight defect. 
Color-vision deficiency may progress from a 
barely perceptible disturbance to a total 
color blindness. This occurs in proportion 
to the progress of the causal disease. There 
may be numerous transitional states in the 
process of progressive color-vision loss. 

Among the cases of acquired color de- 
ficiency, it is impossible to find a uniformly 
defined and constant neutral zone in the 
spectrum such as can be detected in cases 
of congenital partial color blindness. Ac- 
quired defective color vision must be quite 
different from congenital color blindness. 

Therefore, it appears to be erroneous to 
describe acquired deficiencies in color vision 
by means of the classification of congenital 
color blindness, as Ko6llner attempted by 
classifying the acquired defects as blue-yel- 
low or red-green blindness. 


TaeLe 2.—Types of Acquired Color-Vision Defects 


Retinal Type Neural Type 
Luminosity curve Displaced Not displaced 
in spectrum 
Rayleigh equation More red and less Less red and more 
green needed green needed 


Grassmann's Not substantiated Substantiated 
3d law 


llong 


It is my opinion that it is appropriate 
to classify all cases of acquired color-vision 
defects into two types: the retinal type and 
the neural type, because each has unique 
characteristics as shown by the luminosity 
curve, the Rayleigh equation, and Grass- 
mann’s third law (Table 2). 


Summary 


Acquired color-vision defects may be 
classified as retinal or neural in type on the 
basis of the luminosity curve, the Rayleigh 
equation, and Grassmann’s third law. 


Prof. S. Tamura suggested the original topic 
for investigation, and Drs. Bernard Becker and 
Paul Cibis gave critical appraisal and suggestions. 


Washington University School of Medicine. 
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Chamber 


HAROLD G. SCHEIE, M.D., Philadelphia 


This paper presents methods for grading, 
by gonioscopy, (1) width and (2) degree 
of pigmentation of the angle of the anterior 
chamber. A moderate amount of experience 
permits accurate evaluation of both angle 
width and degree of pigmentation and lends 
objectivity to gonioscopic records otherwise 
difficult to achieve. The same or different 
observers, familiar with this classification, 
can accurately duplicate their findings. 

A system of grading width of the angle 
of the anterior chamber is of considerable 
importance in the diagnosis and manage- 
ment of patients with glaucoma, especially 
of the primary type. Although gonioscopy 
by itself has limited diagnostic value in 
chronic simple glaucoma, one can be cer- 
tain that if the angle is gonioscopically open 
and the tension is elevated the disease must 
be chronic simple in type. If the angle is 
extremely narrow, exhaustive diagnostic 
tests may be required to differentiate between 
chronic simple and narrow-angle glaucoma. 
Knowing the angle width is also advan- 
tageous in the management of patients al- 
ready known to have glaucoma. For 
example, if the angle is sufficiently wide 
open one can be sure that no danger of an 
acute congestive attack exists, On the other 
hand, if the angle is very narrow such an 
occurrence is a constant threat, even in eyes 
with chronic simple glaucoma. The finding 
of a very narrow angle in an eye with 
chronic simple glaucoma might therefore 
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Width and Pigmentation of the Angle of the Anterior 


A System of Grading by Gonioscopy 


lead to earlier surgery than if the angle 
were wide open. 

The width of the angle of the anterior 
chamber depends upon the proximity of 
the iris to the wall of the angle. In eyes 
with narrow angles, the iris root is in a 
forward position near the corneoscleral wall, 
so that the last and most prominent of the 
concentric folds of the iris, the so-called last 
roll of Fuchs, makes gonioscopic visualiza- 
tion of the angle difficult or impossible. 
Grading of angle width is based upon the 
amount of angle structure which can be 
seen beyond the anteriorly placed iris (Fig. 
1). The iris may be so far forward in eyes 
with extremely narrow angles that not even 
Schwalbe’s line is visible, or it may be 
sufficiently posterior that the entire angle is 
readily visualized, as in eyes with wide open 
angles. 

The system of estimating angle width 
described in this paper embodies five cate- 
gories, which range from wide open to 
Grade IV, narrow or gonioscopically closed. 
If the entire angle is readily seen, including 
the apex and the scleral spur, the angle is 
designated as wide open. If the angle is 
open but slightly narrowed, we term the 
angle open but Grade I narrow. In such 
eyes, the ciliary body which bounds the 
apex of the angle is visible but the examiner 
must exert effort to see over the iris root 
into this recess. When the angle is narrowed 
somewhat more, making it impossible to see 
the ciliary body portion of the angle, it is 
designated Grade II narrow. If the poster- 
ior portion of the trabecula cannot be seen, 
the angle is Grade III narrow, and if the 


Fig. 1.---Diagrammatic drawing illustrating grading of the width of the cy of the 


anterior chamber. (a) Schwalbe’s line; (b) anterior and posterior trabeculae; (c) 


(a chlemm’s 
canal; (d) apex (ciliary body); (e) root of iris. 


Fig. 2.-Diagrammatic drawing illustrating grading of the degree of pigmentation of the 
angle of the anterior chamber. (a) Schwalbe’s line; (b) anterior and posterior trabeculae; 
(c) Schlemm’s canal; (d) apex (ciliary body); (e) root of iris. 
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ANGLE WIDTH AND PIGMENTATION 


angle is closed to the extent that no angle 
detail beyond Schwalbe’s line can be seen it 
is classified Grade IV narrow, or gonio- 
scopically closed. 


It is emphasized that gonioscopic closure 
of the angle, with inability to see the angle 
detail, does not mean functional closure. 
This can be determined only by further 
clinical observations, including the repeated 
measurement of ocular tension and other 
tests such as tonography. All that is implied 
by gonioscopic closure is that the root of 
the iris is in such proximity to the corneo- 
scleral wall that no angle detail can be seen. 
Contact with the corneoscleral wall and ob- 
struction to outflow of aqueous cannot be 
ascertained by gonioscopic observation 
alone. 

The greatest difficulty encountered in 
grading angle width results from the varia- 
bility of angle contour in different portions 
of its circumference. The angle is usually 
narrower in the superior portion, somewhat 
wider inferiorly, and still more so nasally 
and, especially, temporally. When obvious 
discrepancy in width occurs in the different 
meridians of the angle, this can be indicated 
by grading various portions separately. For 
example, an angle might be termed Grade 
III narrow nasally and temporally and 
Grade IV narrow superiorly and inferiorly. 


Eyes with angles that are Grade III and 


IV narrow must be regarded very differ- 
ently from eyes with more open angles. 
Acute attacks of primary glaucoma do not 
occur in eyes with wide open or Grade | 
narrow angles and are rarely encountered 
in eyes classified as Grade II narrow. 
Mydriasis tests in such eyes are usually 
negative or cause very slight rises, not 
indicative of iris block. On the other hand, 
in eyes with angles that are Grade III and 
IV narrow the incidence of acute attacks 
rises markedly, especially in the Grade IV 
group, and the percentage of eyes showing 
positive mydriasis tests is high. 

Slit-lamp microscopy can be helpful in 
determining angle width, but it is not as 
accurate as gonioscopy. It is, however, very 
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valuable as a screening method in routine 
office practice to determine eyes in which 
gonioscopy is essential. Any eye in which 
the root of the iris appears in close prox- 
imity to the periphery of the cornea by 
slit-lamp examination should be subjected 
to gonioscopic study. If narrowness of the 
angle of Grade III or IV is encountered, 
glaucoma should be suspected and the eye 
should be subjected to all of our present-day 
diagnostic tests. On the other hand, the find- 
ing of a wide open or a Grade I narrow 
angle offers great assurance, with the 
knowledge that actue episodes will not occur, 

Grading of pigmentation of the angle is 
of less practical importance. True pig- 
mentary glaucoma does occur in eyes with 
extremely heavily pigmented angles, as 
pointed out by Sugar,’ Calhoun,? and 
others. However, it is also well known that 
some eyes with heavily pigmented angles do 
not have glaucoma and that the majority of 
eyes with chronic simple glaucoma show no 
excessive pigmentation. It is of some im- 
portance, therefore, to determine the degree 
of pigmentation in eyes of glaucoma, first to 
insure provocative tests on eyes with 
excessive pigmentation and, second, to as- 
certain by future observation what correla- 
tion between glaucoma and pigmentation of 
the angle may exist. 

The grading of pigmentation of the angle 
is less objective than the estimation of angle 
width. The portion of the angle of greatest 
significance in the grading of pigmentation 
of the angle is the posterior half of the 
trabecula, which overlies the canal of 
Schlemm. In my experience, the trabecula 
can be divided gonioscopically into two 
portions: (1) the anterior half, which is 
the part adjacent and just posterior to 
to Schwalbe’s line, and (2) the posterior 
half, which overlies the canal of Schlemm 
and which is adjacent and anterior to the 
scleral spur. These two portions have a 
very different gonioscopic appearance, prob- 
ably for functional reasons, 

The posterior portion of the trabecula, 
which overlies the canal of Schlemm, acts 
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as a filter through which aqueous flows 
throughout life. As a result, cells, pigment, 
and debris probably collect in the interstices 
of the trabecular meshwork, a structure 
several layers in thickness. In young per- 
sons pigmentation of the trabecula rarely 
occurs, A difference in appearance of the 
posterior trabecula, probably due to its 
thickness and structure, can be elicited only 
by retroillumination and_transillumination 
of tissues, techniques which are routinely 
utilized in slit-lamp microscopy. The 
posterior trabecula has a slightly darker or 
even grayish appearance, even though no 
definite pigmentation may be present. With 
increasing age the posterior trabecula may 
remain nonpigmented, but it usually be- 
comes more markedly grayish or even de- 
velops a light tan, brown, or even black 
appearance. 

The anterior portion of the trabecula is 
thinner than the posterior portion; it over- 
lies corneoscleral tissue rather than the canal 
of Schlemm and probably functions poorly 
if at all as a filter. It might well be re- 
garded as the supportive or ligamentous 
portion of the trabecular meshwork, serv- 
ing to attach the filtering portion to 
Schwalbe’s line. Because it probably func- 
tions poorly if at all as a filter, and since 
it is anatomically thinner than the posterior 
portion, it remains relatively nonpigmented 
and pale in appearance throughout life, with 
but rare exceptions, 

The pigmentation of the posterior trabec- 
ula can be graded from 0 to IV (Fig. 2). 
Eyes with nonpigmented angles are found 
in persons of all ages but occur more fre- 
quently in younger persons, The degree of 
skin pigmentation or color of the hair of 
the person has no correlation with pigmen- 
tation of the angle. Conditions within the 
eye which are associated with pigment mi- 
gration, such as certain types of uveitis, 
atrophy of the uveal tract, and others all 
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cause increased pigmentation of the pos- 
terior trabecula. With increasing grades of 
pigmentation up to Grade IV, the posterior 
trabecula may take on a solid black or 
brown appearance, appearing as if it had 
been covered by a black cement substance. 
The amount of pigmentation of the anterior 
trabecula, Schwalbe’s line, apex of the angle, 
and even iris varies. Punctate pigment dep- 
osition is seen upon the corneal endotheli- 
um, both at periphery and in the form 
of a Krukenberg spindle, in many of these 
eyes. The incidence of glaucoma is fairly 
high with Grade IV pigmentation and is 
often, when bilateral, severer in the eye 
with the greater amount of pigment in the 
angle. The course is that of chronic simple 
glaucoma, although it is usually severer and 
tends to occur in younger persons. Little is 
known of the correlation of lesser degrees 
of pigmentation with glaucoma. 


Summary 


A system of grading angle width and 
pigmentation is presented. 

Eyes with wide open and Grade I nar- 
row angles rarely suffer attacks of acute 
congestive glaucoma, while the incidence is 
very high in eyes with Grade III and IV 
narrow angles. 

Little is known of the correlation between 
pigmentation of the angle of the anterior 
chamber and glaucoma. However, glaucoma 
which follows a chronic simple course does 
occur rather frequently in eyes with marked 
or Grade IV pigmentation. 

313 S. 17th St. (3). 
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The Elasticity of the Eye 


LUDWIG von SALLMANN, M.D., Bethesda, Md. 


Introduction 


No methods have yet been devised which 
allow direct measurement of aqueous humor 
flow. Indirect methods employed presently 


make use of the equation K= ton 
as described by Friedenwald.’ It can be seen 


from the equation that if K (rigidity), Pe 
(final pressure), and P, (initial pressure) 
are known or can be determined, then Al’ 
(volume change, flow) can also be ascer- 
tained, 

In studies which were designed to in- 
vestigate the influence of brain stimulation 
on aqueous outflow, inconsistent results 
were obtained when this equation was used. 
In view of the importance of the pressure- 
volume relationship to tonometry and tonog- 
raphy in estimating aqueous outflow, it was 
felt advisable to reexamine this relationship. 


Methods 


Twenty-seven young adult cats (1.7 to 
2.5 kg.) served as experimental animals in 
this series. They were anesthetized with 
chloralose (20 mg/1 ce. of 75% alcohol) 
2.0 cc. per kilogram of body weight, ad- 
ministered intraperitoneally. Scleral rigidity 
was calculated for one eye, while the second 
eye was used as control. 

Statham transducers, Model P 23 BB, 
were employed to record intraocular pres- 
sure; the manufacturer lists the fluid dis- 
placement of the instrument as 12 cu. mm. 
per 100 mm. Hg pressure change. Thus, the 
error in recording the induced elevation of 
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intraocular pressure in the selected range 
can be estimated to vary between 5% and 
10%. 

A carrier preamplifier with zero suppres- 
sion, in conjunction with the transducers, 
made it possible to quantitatively nullify any 
pressure level without affecting sensitivity. 
A 27-gauge hypodermic needle attached to 
a 5 cm, length of No. 10 polyethylene tubing 
was connected to the transducer for the eye 
pressure recording. The needles were in- 
serted into each anterior chamber at the 
limbus. 

Femoral arterial blood pressure was 
simultaneously recorded, since acute blood 
pressure changes modify the eye pressure 
and consequently the rigidity determinations. 
The technique used was the same as that 
described in previous work.” 

The rigidity factor was determined mano- 
metrically by quantitatively increasing and 
decreasing the fluid volume of the anterior 
chamber. In the first series of experiments 
the sizes of the small volume increments 
(5 to 20 cu. mm.) were measured by the 
travel of a small air bubble in a No, 10 
polyethylene tubing, the lumen of which had 
been previously calibrated. The end of the 
tubing was fitted with a 27-gauge hypo- 
dermic needle for insertion into the anterior 
chamber. The other end of the tubing was 
attached to a fluid-filled syringe. Pressure 
on the plunger of the syringe was either 
exerted or released in order to increase and 
decrease the volume of the eye. Data pro- 
cured by measuring the infusate by this 
technique proved somewhat unsatisfactory 
for two reasons. First, the infusion period 
of four to six seconds made it difficult to 
accurately extrapolate pressure changes to 
zero time. A second disturbing factor pre- 


513 


EC 
‘aa 
= 


Fig. 1.—Schematic view of microinfusion system. 
Clockwise movement of thumbscrew by pressure 
of one finger on the spoke provides for continuous 
and rapid infusion. Counterclockwise movement al- 
lows for rapid fluid withdrawal. 


sented itself in the inherent elasticity of the 
long polyethylene tubing. For these reasons, 
the report does not include the results ob- 
tained with this technique. 

A more rigid system eventually replaced 
the one previously described. It consisted 
of a 1.0 ce. tuberculin syringe, the barrel 
of which was firmly attached to a holder 
and the plunger fixed to a micrometer 
thumb screw, as illustrated (Fig. 1). The 
screw could be rotated by turning a spoke- 
like extension, which greatly facilitated the 
speed of injection. It also secured the ac- 
curate administration of the desired volumes 


of fluid. A No. 10 polyethylene tube of 5 
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cm. length connected the syringe and the 
27-gauge needle. The system was filled with 
unbuffered saline or with heparinized 
aqueous humor, and it was tested meticu- 
lously for the absence of trapped air bubbles 
prior to the insertion of the needle into the 
anterior chamber. The system was leak- 
proofed at a pressure of 100 mm. Hg. 

The interference of superimposed respir- 
atory waves on the intraocular pressure trac- 
ing was greatly reduced by respiring the 
animals at a fairly fast rate with small stroke 
volumes. A Palmer respirator attached to a 
preplaced tracheal cannula was used for this 
purpose. 

A definite lag of approximately one to 
one and one-half seconds occurred between 
the completion of the infusion and the time 
when the peak pressure rise was recorded. 
This was due, in great part, to the narrow 
bore of the needles and tubing. On several 
occasions pressure changes were simultan- 
eously transmitted from the vitreous through 
a 19-gauge needle and No. 90 polyethylene 
tubing. Under these conditions changes of 
pressure were almost instantaneous; a 
period of one-fourth to one-half second 
represented the time required to perform 
the infusion. Extrapolation of the pressure 
increments, recorded with the aid of a small- 
bore needle, to zero time gave values which 
equalled those obtained with the wide-bore 
needle from the vitreous (Fig. 2). The 
validity of the values arrived at by the 
extrapolation to zero time was further tested 
in experiments with a rubber chamber (see 
Results, Preliminary Experiments ). 


Results 


Preliminary Experiments.—Changes of 
intraocular pressure of the cat eye induced 
by infusion of a fixed volume of fluid into 
the anterior chamber were consistently more 
reproducible at various pressure levels if 
these readings were extrapolated to zero 
time. The following experiment was per- 
formed to verify the soundness of the pro- 
cedure. An elastic chamber was prepared by 
a water-tight closure of the open end of a 
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Fig. 2.—Vitreous and anterior chamber pressure changes induced by infusion of 10 cu. mm. 


PRESSURE 
ANTERIOR CHAMBER 


PRESSURE 
SURPRESSED 


of saline. Pressure in vitreous recorded using No. 19 needles attached to No. 90 polyethylene 


tubing. Aqueous pressure recorded by the use of No. 27 needles attached to No, 10 polyethylene 
tubing. Pressures of both chambers at the start of infusion were essentially equal. The response 
time of pressure recording in the anterior chamber was anticipated to be longer than the vitreous 
recordings because of the smaller needle-tubing lumen size employed. Infusion of saline (arrows 
pointing down, top of figure) into the anterior chamber produced changes of pressure in the 
anterior chamber which were less than those recorded in the vitreous. The relatively prolonged 
response time of the anterior chamber pressure, therefore, necessitated extrapolation (dotted 


line) of the pressure readings to zero time. Under these conditions, it can be seen that pressure 


finger of a surgical rubber glove after it was 
filled with water. A reinforcing piece of 
rubber, glued over one portion of the cham- 
ber, prevented leaks at the point of needle 
puncture. The needle, attached to a trans- 
ducer system, was then inserted into this 
reinforced portion, followed by the intro- 
duction of a second needle, which was 
connected to the infusion system. Finally, 
various fixed volumes of water were in- 
jected and pressure changes were recorded, 

AP (i.e., P2—P;) of this system was 
plotted against the infused fluid volumes 
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increments of both chambers induced by 10 cu. mm. of saline are equal. 


(Fig. 3). As expected for a system of this 
type, a straight-line relationship applied to 
almost the whole range of tested pressures. 
A model of an outflow channel was im- 
provised by inserting a third needle into the 
rubber chamber. The rate of outflow 
through this channel was controlled by ap- 
plying back pressure, which could be regu- 
lated at will. 

P was determined for this system, as 
described above. Representative data ob- 
tained in this experiment are shown in the 
Table. In the system without the outflow 


515 


PRESSURE 

\ VITREOUS 

\ 10 mm 

10 

BLOOD 
PRESSURE 

| 

| 

a 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


1.0 


VOLUME (cc.) 


Fig. 3.—Rubber chamber : Relationship of pressure to volume changes. As would be anti- 


12 16 20 22 


cipated from a system of this type, a straight-line relationship exists between volume and 


channel unit volumes of fluid produced unit 
increases of AP. After insertion of the third 
needle for outflow, direct measurements of 
pressure changes without extrapolation to 
zero time reflected poorly the known AP of 
the closed system. When, however, the pres- 
sure tracings were extended to zero time, 
good agreement between the outflow and 
closed systems was observed. 

In Vivo Experiments.—At the outset of 
these experiments, fixed volumes of un- 
buffered isotonic saline were injected into 
the anterior chamber. The possibility that 
sodium chloride solution per se might in- 
fluence the results was met by the use of 
aqueous humor of normal cat eyes to which 
a small amount of heparin had been added. 
No difference in response was noted, In- 
fusion or withdrawal of fluid produced equal 
changes of AP at similar pressure levels. 
Confirmation of the reproducibility of the 
initial results was provided by 80 to 100 
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orm The slight deviation, at the lower part of the graph, may be due to experimental error. 
Jashes represent an extension of the straight line. 


individual infusions of small volumes in 
each of 10 experiments. The injected vol- 
umes usually ranged between 5 and 10 
cu.mm, 

A linear plot of the data obtained, i. e., 
=k (E= slope, rigidity), indicated that 
E continuously increased from 15 mm. Hg 
to approximately 30 mm, Hg (Fig. 4). At 
values above 30 mm. Hg FE became essen- 
tially constant. The data when plotted on 
the basis of the equation of Friedenwald, 


-, clearly indicated that K 


under these conditions was not a constant 
but increased until a critical pressure of ap- 
proximately 30-35 mm. Hg was reached; 
at this point K began to decrease with 
further elevations of the intraocular pres- 
sure (Fig. 5). 

Experiments on Enucleated Eyes.— Ex- 
periments were conducted on six excised 
eyes to study the possible influence of extra- 
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Comparison of Pressure Increment Values as Affected by Extrapolation to Zero Time 


With Outflow, With Outflow, 
Control, Extrapolated to Ps Extrapolated to 
Closed System,* Mm. Hg 0 Time, Mm. Hg 0 Time, Mm. Hg 


Ps 


Ps 
6.50 
19.25 7.00 
27.00 18.50 8.50 12.00 3.50 8.50 9.00 3.50 5.50 
33.75 25.75 8.00 29.00 20.50 8.50 25.00 20.50 4.50 
41.00 26.50 
47.75 39.50 8.25 28.50 20.25 8.25 26.50 20.25 6.25 
55.00 46.75 8.25 41.50 32.75 8.75 39.75 32.75 7.00 
61.75 53.25 8.25 


Py 
0.00 


* Values selected at random to show the relative uniformity of AP in the closed system. 


ocular tissue on the rigidity values as they chamber, the examination for rigidity was 
had been determined in vivo. After the eyes repeated in the pressure range studied in 
were carefully removed, without disturbing situ. No differences were revealed between 
the position of the needles in the anterior the two sets of experiments (Fig. 6). 
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Fig. 4.—Effect of volume changes on AP. Curve 
represents a composite of more than 300 individual 
determinations in 27 intact eyes. It can be seen 
from the graph that unit volume changes in the formula K=!*?#—'#P! By this method 
eye produce an increasing AP as the intraocular AV 
pressure rises to approximately 30 mm. Hg. Above _ rigidity determinations, it can be seen that K pro- 
30 mm. Hg AP appears to become constant. Vertical gressively increases up to a critical range, approxi- 
bars are representative of the extreme values ob- mately 30 mm. Hg. At pressures above this range 
tained in this composite. Individual mean values are K progressively decreases. The graph is made of 
not plotted as points on the figure, since they all representative points from a composite of over 
fall on the curve. 300 determinations performed in 27 intact eyes 
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Fig. 5.—Intact Eye: variation of K ey) 
with intraocular pressure. K determined the 


of 
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Fig. 6.—Comparison of - in intact and enu- 


cleated eyes. Black dots are presentative values 
from a six-eye composite of points determined be- 
fore enucleation. Triangles are representative of a 
composite of points of the same eyes, as above, after 
enucleation. Enucleation has no effect upon pressure 
changes induced by various fixed volumes. 


Comment 


From the comparison of the in vivo ex- 
periments and those conducted on the ex- 
cised eye, it is apparent that a rigidity value 
calculated for the living eye is a function 
solely of the ocular coats and that inter- 
ference of the readings by nervous, muscu- 
lar, or circulatory influences, under these 
conditions, can be eliminated. 

When the data on intraocular pressure 
versus rigidity were plotted as calculated by 
Friedenwald’s equation, it was obvious that 
K changed with the intraocular pressure 
level. It would be unexplainable if eye 
rigidity would decrease at the higher pres- 
sure levels instead of increasing, since the 
eye can be assumed to approach, then, its 
elastic limits. The curve would be expected 
to inflect in a direction opposite to that 
observed. Since this plot did not seem to fit 
any other schema which could be logically 
explained, volume increments were plotted 


518 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


against initial and final intraocular pressure 
induced by these increments. The formula 
on which this plot is based is 
(P2 and P;= final and initial intraocular 
pressure, respectively; AV is volume of 
infusate, and FE is a constant to be con- 
sidered as the coefficient of rigidity, cor- 
responding to the constant proposed by 
Friedenwald). In the lower portion of this 
curve, E becomes a variable, since the 
tangent of the line continuously increases 
but remains constant at pressures greater 
than 30 mm. Hg. 


Ps—P1 


The equation E= wean be regarded 
analagous to the equation known in physics 
as the bulk modulus.’ It signifies elasticity 
of a body, when pressures are distributed 
equally over all sides. Bulk modulus (K) 
is usually expressed by the following equa- 


tion : k=. Since changes in the volume 


of the cat’s eye (about 5000 cu. mm.) by 
increments of 10 to 100 cu. mm. amount to 
0.05% to 0.5% and are negligible therefore, 
it is justified to consider |” as a constant 
which can be incorporated in the constant 


K. Now the equation would be ay=K and 
similar to the graphed data. 


If, over a range of pressures, K remains 
constant, the material is said to obey Hook’s 
law of elasticity within that range. It can 
be concluded from the reported experiments 
that the eye obeys Hook’s law at pressures 
greater than 30 mm. Hg. The upper limit 
of this relationship was not determined, but 
it lies above 85 mm. Hg. In early experi- 
ments it was thought that the gradual in- 
crease of K as the pressure approached the 
point of inflection could be attributed to a 
gradual occlusion of the intraocular blood 
vessels. On the basis of experiments on 
excised eyes this possibility could be re- 
jected. Experimental errors cannot be ex- 
cludeu, but no clues for the existence of 
such errors can be furnished at present. 


A mathematical analysis of the whole 
extent of the curve (Fig. 4) will be at- 
tempted after more data are obtained. De- 
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Fig. 7.—The variation of Ar (rigidity) as a 

function of intraocular pressure. Calculation of 


E= rg from Figure 4 indicates that E (rigidity) 


progressively increases with eye pressure, between 
the range of 13 to 30 mm. Hg. At levels above 
30 mm. Hg EF appears to become constant. 


terminations of rigidity at pressures that fall 
on the curved portion of the graph can be 
approximated by direct measurements (Fig. 
7). The straight-line portion of the curve 
presents no difficulties. 

Early experiments on the eyes of rabbits 
indicate that the pressure-volume relation- 
ship observed in the cat is applicable to the 
rabbit. It is hoped that in the near future 
the study can be extended to the excised 
human eye. Results of such measurements 
would have great practical value, because 
interpretation of tonograms is based on the 
assumption that K of Friedenwald’s equa- 
tion does not vary with different pressure 
ranges. 


Macri et al. 


Summary and Conclusions 


Rigidity of the cat eye (under the 
described experimental conditions), when 
determined by the commonly employed 


equation, K (rigidity) varied 
continuously with changes of intraocular 
pressure. 


Calculation of rigidity by the equation 
E (rigidity) = Pert produced a constant E 
at eye pressure levels higher than 30 mm. 
Hg. Below 30 mm. Hg pressure F is not 
constant. At the higher pressure levels the 
eye may be said to obey Hook’s law, since 
E is constant; thus, various increments of 
volume will produce proportional increases 
of pressure. 

Dr. M. G. F. Fuortes gave suggestions and 


criticisms. Joseph G. Brown provided technical 
assistance. 


Ophthalmology Branch, National Institute of 
Neurological Diseases and Blindness (14). 


Addendum 


Since this work was completed, E. S. 
Perkins and J. Gloster have published 
(Brit. J. Ophth. 41:93-103, 1957) results 
similar, in part, to our findings. These au- 
thors observed on rabbits that rigidity as 
defined by the Friedenwald equation varied 
with the intraocular pressure. 
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Bilateral Blepharospasm 


MARTIN J. URIST, M.D., South Haven, Mich. 


The type of bilateral blepharospasm to 
be discussed in this paper is a disease usually 
occurring in persons over the age of forty. 
It has been named bilateral facial spasm 
(Parker),’ spasme facial median (Meige) ? 
and paraspasme facial bilatéral (Sicard) # 
It is of unknown etiology but may be asso- 
ciated with Parkinson’s disease (Parker). 
From the history in many patients it would 
appear to have a large psychosomatic com- 
ponent, although it has not been proven that 
this is the cause of the disease. 

The condition may occur in a relatively 
mild form in which patients have intermit- 
tent bilateral spasmotic closure of the lids 
occurring a few times a minute or at a 
greater or lesser interval. They are able 
to control the eyelids enough so that vision 
is possible. Although the symptoms are an- 
noying, they are not disabling, and the af- 
flicted can go about their usual business. The 
symptoms may remain mild or progress onto 
the severe form of the disease, 

The severe disease in full bloom was first 
described by Meige,? who reviewed 12 
cases. All of his patients were middle-aged 
and had relatively stable personalities. He 
described them as follows: 

They complained that at the onset of their condi- 
tion they experienced intermittent, momentary 
spasms of the eyelids several times a day which 
shut out their vision. Gradually the duration and 
frequency of the spasms increased and to the 
spasms of the eyelids were added spasms of all 
the other muscles of the face including the 
platysma. Ultimately the whole face would be in 
almost incessant motion. The spasms would usually 
go through an irregular cycle of clonic and tonic 
phases with short periods of relaxation between 
them. The eyelids, after a few preliminary quick 
contractions, would shut down forcibly and 
severely in a steady spasm lasting seconds to 
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minutes. During this time the patient was neces- 
sarily blind and would have to cease his or her 
occupation. The tonic spasm of the eyelids and 
orbicularis represented the more prominent feature 
of the disease. At the time that the eyes shut, the 
other facial muscles would partake in the spasm 
but less continuously or evenly. The movements 
of the muscles of the cheeks, mouth, chin and 
platysma were irregular, asynergic, asymmetric 
and without order or rhythm, whereas the muscles 
around the eyes stamped down in a synergic 
tenacious spasm. The patient’s expression was 
one of being assailed by some pungent, stinging 
irritant and at times the chin was depressed on the 
thorax, presumably by contraction of the platysma 
muscle. The mouth could be held open or shut. 
After a few seconds to a few minutes the spasms 
relaxed, the eyes opened, and the face became 
smoothed out again. Then the whole performance 
recommenced within a few seconds and was re- 
peated incessantly throughout the patient’s waking 
hours, 

During sleep the affliction disappeared and dur- 
ing the first few hours of waking it was not quite 
so severe, but as the day went on it became in- 
tensified, preventing all activity because of the 
intermittent, unexpected and forcible blindness. 
Partial relief may have been obtained by lying 
prone, with complete physical and psychic relaxa- 
tion. The spasms were intensified by walking or 
talking and speech became choppy and was not in- 
dulged in unnecessarily. Most peculiar were the 
innumerable remedies adopted or discovered by the 
patients to relieve the spasm and permit at least 
some degree of activity. These included pulling the 
eyes open with the fingers, whistling, singing, 
coughing and counting out loud. The remedies, 
however, were only partially effectual and tempo- 
rary and usually all activity was reduced to the 
minimum and the patients preferred to spend their 
time indoors, sitting or lying quietly, completely 
surrendered to the incessant facial spasm with its 
concomitant blindness and social embarrassment. 


These patients are a pitiful sight to be- 
hold, and, while their facial spasms are very 
annoying, they do not complain too much 
about them. They are chiefly concerned with 
getting some treatment that will enable them 
to keep their eyes open in order to see. They 
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will submit to almost any treatment to re- 
lieve their blindness. The treatment of these 
unfortunate persons has crossed the lines of 
medical practice, and up to the present time 
there has been no available cure for them. 
General practitioners have used local anes- 
thetics, sedatives, vitamin injections, tran- 
quilizing drugs, and medical diathermy 
treatments. 

Ophthalmologists have had to bear the 
brunt of the treatment of these persons, 
and some of their treatments that have been 
reported are division of the muscular attach- 
ment of the outer portion of the lower lid 
to the orbital margin (Poulard),* resection 
of the orbicularis (Fox),® injection of the 
orbicularis with absolute alcohol (Van 
Lint),” injection of alcohol into the upper 
facial branches ( Benedict) ,* electrocoagula- 
tion of the facial nerve (Safer and Spitz- 
miller) ,® and, finally, the horrible procedure 
of cutting a hole in the upper lid opposite 
the pupil through which the unfortunate 
patient could peek (Gerald). 

Neurosurgeons have taken a hand in the 
treatment also, and the following procedures 
have been reported. Neurectomy of the 
upper branches of the facial nerve (Gurd- 
jian and Williams),™ dividing the facial 
nerve and performing a facial-hypoglossal 
anastomosis (Harris and Wright) divid- 
ing the facial nerve and performing a facial- 
spinal accessory anastomosis (Dandy) .'™ 

Psychiatrists have given psychotherapy 
and shock treatment, 


Report of Cases 


I have seen eight cases with this condition 
in all grades of severity. In the last three 
patients I have used the simple procedure 
of placing a sling suture between the upper 
lid and the frontalis muscle to keep the eyes 
open. This procedure has given great relief 
to the patients and has helped where more 
difficult forms of treatment have failed. 


Mild Cases 


Case 1.—A 65-year-old woman was seen 
Aug. 8, 1950, complaining of spasmotic 
closure of the lids at times. On some days 
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the condition was worse than on others, but 
she had not been free from it for the previ- 
ous five years. In her opinion, the condition 
was getting slightly worse. Every few 
seconds a bilateral spasmotic closure of the 
lids occurred which lasted for about a 
second and did not greatly inconvenience 
her. She was seen one year later with the 
same symptoms but desired no treatment. 


Case 2,—A 45-year-old male crane op- 
erator was seen in consultation on Sept. 10, 
1956, complaining of having had _ bilateral 
blepharospasms for six months. Examina- 
tion showed bilateral spasms of the lids and 
brows which occurred at irregular intervals 
every few seconds and lasted for about half 
a second. The symptoms did not greatly 
interfere with his work or other activities, 
but they were very annoying and embarrass- 
ing and he felt they were getting worse. 
His physician did a bilateral Van Lint 
akinesia, i. ¢., anesthetizing the peripheral 
branches of the facial nerve just lateral to 
the orbit and along the orbital rims, using 
2% procaine hydrochloride, This did not 
improve his condition, No further treatment 
was suggested at that time. 


Case 3,—A 63-year-old woman was seen 
on April 1, 1950, complaining of bilateral 
blinking of the lids of one year’s duration. 
The spasmotic closure of the lids took place 
every few seconds and lasted about a second. 
The symptoms were very annoying to the 
patient but not disabling, as she could get 
about without trouble. On April 17, 1950, 
a bilateral injection of the upper branches 
of the facial nerve with absolute alcohol, 
with the use of the method of Benedict," 
was done. Briefly, this procedure is as fol- 
lows: 2 ce. of procaine hydrochloride is 
injected onto the condyloid process of the 
mandible, and the needle is left in situ. 
After a few minutes, when the anesthesia 
becomes effective as seen by the disappear- 
ance of the blepharospasm and difficulty in 
closing the lids, 2 cc. of absolute alcohol is 
injected through the same needle, Practically 
complete relief ensued for six months; then 
the condition recurred. When the patient 
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was last seen, on Oct. 9, 1954, the blepharo- 
spasm was still present, but she felt that 
since the injection she had had somewhat 
better control of the spasms and she re- 
quested no further treatment. 

Severe Cases 

Case 4.—A 55-year-old woman was first 
seen on April 12, 1941, with a history of 
having had trouble in keeping her eyes open 
for one year. She believed that the onset 
of the symptoms followed exposure of her 
face to extreme cold in a severe snowstorm. 
The condition was very mild at the onset 
and had been gradually getting worse in the 
previous year. Examination revealed bi- 
lateral spasms of all the muscles innervated 
by the facial nerve. At intervals of approxi- 
mately 10 seconds, severe blepharospasms 
occurred so that the eyes were completely 
shut and remained so for about a second 
or longer. Along with spasm of the eyelids, 
there was a spasm of the brow, nose, mouth, 
and neck muscles. The blepharospasm was 
so severe that the eyelashes irritated the 
cornea and conjuntiva, Filamentary keratitis 
was present, apparently caused by the cor- 
neal irritation from the spasmotic lids, be- 
cause there were ample tears. 

The patient was referred to a psychiatrist 
for consultation. A course of psychotherapy 
was given with no relief. She continued to 
get worse until it became impossible for her 
to get around alone outside of her home. 
On April 12, 1944, absolute alcohol was 
injected into the upper branches of the left 
facial nerve. On May 17, 1944, the right 
side was injected. The result of these in- 
jections was excellent. She could keep the 
eyes open well, and all the conjunctival irri- 
tation was relieved. However, by Sep- 
tember, 1944, the blepharospasm recurred 
with all its previous severity. In January, 
1945, another bilateral alcohol injection was 
carried out, but there was no improvement 
in the spasm this time. 

The patient was then referred to Dr. 
Walter Dandy for a resection of the upper 
branches of the facial nerve. In a letter 
dated March 9, 1945, Dr. Edward Hanrahan 


wrote as follows: 
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It was quite difficult for Dr. Dandy and me to 
come to a definite decision regarding what would 
be best for your patient. If her tic were unilateral 
the matter would be quite simple, but the fact 
that it is on both sides complicates the situation. 
At the time she came here the amount of motion 
on the right side of her face was very severe 
and annoying to her. It extended from her eye 
down through her neck. On the left your alcohol 
injection had controlled matters to a great extent. 
In looking at the thing from a long view it seemed 
to us that if her facial nerve were cut and a 
spino-facial anastomosis done, that she would have 
some voluntary control of the right side of the 
face after about six months. This would be a 
great help when it again came time to make a 
decision regarding the left face and we could be 
guided by the effectiveness of the anastomosis. 
Accordingly, Dr. Dandy cut the facial nerve and 
performed a spino-facial anastomosis and I used 
fascia lata strips to suspend her paralyzed face. 
This should disguise the deformity otherwise re- 
sulting. 

When the patient was last seen, on July 
3, 1956 (Figs. 1 and 2), the facial nerve on 
the right side had regenerated and there was 
some recurrence of the blepharospasm and 
facial spasm. However, the lids closed only 
for an instant and not too tightly, so that no 
conjunctival irritation was present. She had 


Fig. 1 (Case 4).—Eleven years after operation. 
Blepharospasm still present. There is a marked 


droop of the right shoulder, with spasm of the 
right sternocleidomastoid muscle. 
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no trouble in seeing, could do all of her 
housework, and had taken up painting as a 
hobby. Her chief complaint at this time was 
about the droop and atrophy of the right 
shoulder and the annoyance of the marked 
spasm of the neck muscles, especially the 
sternocleidomastoid on the right. 

Case 5.—A 55-year-old man was first 
seen on Sept. 19, 1946. He complained of 
having had difficulty in keeping his eyes 
open for the previous two months. He drove 
a truck for the county road commission and 
had to stop work because of not being able 
to control his eyes so he could see well 
enough to drive. When the lids were open 
his vision was 20/20 in each eye. He had 
intense bilateral blepharospasms at intervals 
of 10 to 15 seconds. Along with the marked 
closure of the lids there was a spasm of the 
face, mouth, neck, and angle of the nose. 


Fig. 2 (Case 4).—Eleven years after operation. 
Eyes open well. Note spasm of neck muscles and 
pull of nose to the left. 


The following procedures were carried 
out in the treatment of this condition: Oct. 
3, 1946, injection of the upper branches of 
both facial nerves with absolute alcohol; 
Nov. 16, 1946, injection of the left upper 
facial branches with alcohol; March 10, 
1946, bilateral alcohol injection; March 11, 
1948, bilateral alcohol injection; June 19, 
1948, bilateral alcohol injection, and another 
bilateral injection on Aug. 7, 1948, 

The effect of the alcohol injections was 
excellent for the first few injections, but 
became less and less until, with the last in- 
jection, practically no effect was produced. 
On Oct. 23, 1949, the facial nerve supply 
to the lids on the lift side was resected, with 
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Fig. 3 (Case 5).—One week after resection of 
the facial branches to the lids on the left side. 
Both eyes open well when the spasm is not present. 


use of the method of Gurdjian.™" One week 
after surgery the result was excellent (Figs. 
3 and 4), and he could close the eyes well. 
The left eye remained open when the wave 
of blepharospasm came on, while the right 
eye closed with the spasm of the mouth and 
neck. The facial branches to the lids on the 
right side were resected on Dec. 13, 1949. 
On July 1, 1950, the resection of the facial 
branches to the right lid was repeated and 
the proximal ends were buried under the 
fascia, 

When he was last seen, on July 9, 1956 
(Fig. 5), he had no complaints about his 


Fig. 4 (Case 5).—One week after resection of 
the facial branches to the lids on the left side. 
Blepharospasm of the right, unoperated on, eye. 
Spasm not present on the left side. 
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Fig. 5 (Case 5).—Six years after operation. 
Eyes remain open well. 


eyes. He could keep them open well. Some 
bilateral blepharospasm was present at in- 
tervals of about half a minute, but the eyes 
only remained closed for an instant and did 
not interfere with his vision, There was 
also some spasm of the platysma muscle, but 
it apparently did not disturb the patient at 
all. 

Case 6.—A 61-year-old woman was first 
seen on March 29, 1954. She complained of 
marked bilateral spasm of the lids and face 
of two years’ duration which began follow- 
ing the death of her husband. Because of 


Fig. 6 (Case 6).—Marked bilateral blepharo- 
spasm Eyelids can only be opened by pull of the 
fingers. 
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this history, she had had a course of psycho- 
therapy and shock treatment to no avail. 
Examination (Fig. 6) revealed a marked 
spasm of the lids and face and pronounced 
redness of the conjunctiva due to irritation 
by the blepharospasm. She was able to get 
around only when she kept the lids pulled 
apart with her fingers. With correction her 
vision was 20/20 in each eye when the lids 
were forcibly held open. 

On April 5, 1954, the upper branches of 
the facial nerves on both sides were injected 
with absolute alcohol. This resulted in a 
marked improvement of the condition (Fig. 
7). Six months later the spasms recurred 


Fig. 7 (Case 6).—Two weeks after bilateral 
alcohol injection of the upper branches of the 
facial nerves. Eyes remain open well. 


in all their severity. She was given a course 
of tranquillizing drugs, with no improve- 
ment. On Dec, 13, 1954, the upper branches 
of the right facial nerve were resected and 
the proximal ends were buried underneath 
the periosteum of the zygoma. This proce- 
dure resulted in no improvement. On Jan. 
10, 1955, the orbicularis muscle of the upper 
lid on the right side was resected, with use of 
the technique of Fox,® without improvement. 
On March 1, 1955, a bilateral alcohol injec- 
tion of the upper facial branches was done, 
with no effect. On May 4, 1955, I removed 
the marked redundance of skin of the right 
upper lid which was probably caused by the 
pull of the fingers on the lid in order to 
keep it open. The area of the orbicularis 
muscle was explored at this time to see if 
any fibers had been left unsevered. Some 
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orbicularis fibers were found and removed. 
This procedure gave no result. 

On Oct. 10, 1955, a sling suture was 
inserted between the lid and the frontalis 
muscle, with use of the Friedenwald-Guyton 
technique,'* which is briefly as follows: Two 
small stab incisions down to the periosteum 
are made at the upper border of the brow; 
one nasally, the other temporally. Two 
smaller incisions are made through the skin 
2 mm, above the upper lid margin. A white 
nonabsorbable surgical (silk) suture is in- 
serted through the upper nasal incision down 
to periosteum and drawn over the perios- 
teum and out through the upper lateral in- 
cision. From here the suture is carried down 
through the lid along the under-surface of 
the orbicularis to emerge through the lower 
lateral incision, then through the dermis to 
emerge through the lower nasal incision, 
then along the under surface of the orbicu- 
laris to emerge through the upper nasal inci- 
sion. As the suture is tied it is pulled tight 
so as to elevate the upper lid. This gave an 
excellent result, and on April 13, 1956, a 
sling suture was inserted in the right upper 
lid, with another fine result. When the pa- 
tient was last seen, on Jan, 2, 1957 (Fig. 8), 
the result was still good. The blepharospasm 
had diminished along with the facial spasm, 
and she was able to drive her car for the 
first time in five years, 

Case 7.—A 45-year-old man was first 
seen on March 6, 1952. He gave a history 


of having been unable to open his eyes for 


the previous four years. He could get 
around only when holding his lids apart with 


Fig. 8 (Case 6).—Six months after bilateral 
sling suture. Eyes remain open well 


his fingers. He had been under welfare 
care because of his inability to work. Ex- 
amination revealed a flaccid closure of the 
lids, with no attempt to use the frontalis 
muscle help keep the lids open. No spasm 
could be seen, Since the lids could be ele- 
vated easily, ptosis crutches fitted on glasses 
were supplied. However, when the ptosis 
crutch was used a spasm of the orbicularis 
and facial muscles developed, forcing the 
lids out of the crutch. A psychosomatic 
component had to be ruled out, and he was 
referred to a psychiatrist. A course of treat- 
ment provided no relief. On Aug. 6, 1955, 
a sling suture was placed in the right upper 
lid, which became infected, and the suture 
had to be removed. On Feb, 27, 1956, an- 
other sling suture was placed in the right 
upper lid, and excess skin was resected. 
The result was excellent (Fig. 9). 

Because of this good result, the patient 
was considered able to work and was taken 
off relief. Immediately many bizarre symp- 
toms of nervousness and obscure bleeding 
from the mouth appeared, and he was 
promptly reinstated on the welfare list and 


Fig. 9 (Case 7).—Six months after a sling 
suture was placed in the right upper lid. Right 
eye opens well; left eye can be kept open only 
by using the fingers to pull the lids apart. 
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sent to the medical department of the Uni- 
versity of Michigan. Some of their findings 
are summarized as follows: The patient was 
a well-nourished man, not acutely ill, who 
had a history of grand mal convulsions. He 
had a right lid that was fully opened by a 
surgical procedure, with good vision in the 
right eye. There was a marked ptosis of 
the left lid, with redundance of skin. Final 
diagnosis was (1) ptosis and blepharo- 
spasm, questionably postencephalitic; (2) 
organic brain syndrome with psychotic reac- 
tion, and (3) grand mal convulsive disorder. 

On his return from the University hos- 
pital, he insisted on having the left lid op- 
erated on so that he could have both hands 
free for picking fruit. This was done on 
Aug. 15, 1956. At surgery the excess skin 
was removed, and a sling suture was placed 
in the lid. The postoperative result was 
excellent when he was seen one week after 
surgery. Both eyes remained open. How- 
ever, since then, every time he has been ex- 
amined in my office and has been asked to 
open his eyes for a photograph, he has gone 


Fig. 10 (Case 7).—-Two months after surgery 
of the second lid. This shows the patient's re- 
sponse when asked to open his eyes. Note how 
the head is jerked back and mouth is opened in 
effort to force the eyes open. 
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into a violent blepharospasm, with twisting 
of the neck, shaking of the head, and jerking 
of the mouth (Fig. 10). However, when 
seen on the street, not aware of being ob- 
served, he walked well and crossed the street 
without having to hold the lids open with his 
fingers. The caseworker has reported find- 
ing him out helping the neighbor with chores 
when she made an unscheduled call on the 
family. 

Case 8.—A 50-year-old woman was first 
seen at the Illinois Eye and Ear Infirmary 
on Aug. 13, 1940, with the complaint of poor 
near vision. All ocular findings were normal, 
and a pair of reading glasses was prescribed. 
She returned to the clinic on Feb. 4, 1947, 
with the history that four months previously 
she had been struck in the left eye. Follow- 
ing this injury she developed blinking of 
the left eyelid and then blinking of the right 
eyelid, The blinking did not interfere with 
any of her activities but was annoying. She 
was given zinc sulfate drops for the ocular 
burning she experienced. The patient re- 
turned on Sept. 30, 1947, for a change in 
her reading glasses. Refraction under euca- 
tropine (Euphthalmine) dilatation was 
easily done, although both eyes would close 
spontaneously every minute or so. She was 
fitted with bifocal lenses giving her 20/20 
and J 1 vision in each eye. 

On Dec. 5, 1948, she was seen in the clinic 
for itching and burning of the eyes. The 
blepharospasm had become more frequent, 
and she had to pull the lower lid down to 
open the eyes at times. On Aug. 29, 1949, 
it was impossible to do a refraction because 
of the marked increase in the blepharospasm, 
which now occurred every few seconds. The 
patient was severely incapacitated and could 
not go out on the street without help. She 
was referred for neuropsychiatric consulta- 
tion, 

The neurologic opinion was that there 
were no organic findings present to explain 
the blepharospasm. Because of the patient's 
age and mental status, psychotherapy was 
deemed valueless, and some surgical pro- 
cedure directed to the facial branches to the 
lid was advised. On Dec. 29, 1949, section 
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of the right upper branches of the facial 
nerve to the lids was done. This gave a good 
result. On Dec. 29, 1949, section of the left 
side was done. At this time, some pieces 
of the nerve were removed and sent to the 
laboratory, where the nerve fibers were re- 
ported to be normal. Following the bilateral 
facial branch resection she got along well for 
about six months, after which the blepharo- 
spasm recurred in all of its original severity. 

On Aug. 23, 1950, both facial nerves were 
injected with 95% alcohol. The alcohol in- 
jection gave a good result for about one 
month, when the blepharospasm recurred. 
She was called back to the clinic on Aug. 2, 
1956, for a reevaluation of her condition 
and for further surgery if necessary. Since 
1950 the spasm had been severe. She found, 
however, that she could get around by her- 
self by holding the lids open with her 
fingers. This pull on the lids had resulted 
in hypertrophy of the skin of the upper 
lids (Fig. 11). On Aug. 1, 1956, a resection 
of the excess skin of the right upper lid was 
done along with placing of a sling suture. 
This gave such a good result that the patient 


wanted the other side done immediately. The 


same procedure was done on the left side 
on Aug. 24, 1956, with an excellent result 
(Fig. 12). When the patient was last seen, 
in June, 1957, the result was maintained. 


Fig. 11 (Case 8).—Before operation. The eyes 
can be kept open only by the pull of the fingers. 
Note the marked redundance of the skin of the 
upper left lid due to the pull of the fingers. 


Fig. 12 (Case 8).—One month after bilateral 
sling sutures to upper lids and resection of re- 
dundant lid tissue. Eyes can be kept open unaided 
by fingers. 


Comment 


The possibility of blepharospasm being a 
psychosomatic disease must always be kept 
in mind. In Case 6 the trouble started after 
the death of the patient’s husband. Case 7 
was an unskilled laborer and had been on 
relief because of his inability to work. Case 
8 had received a blow to the left eye and 
developed bilateral spasms. Sicard and 
Haguenau* found all forms of psycho- 
therapy useless in the treatment of the condi- 
tion, and this has also been our experience. 
They found that the injection of alcohol inte 
the nerve both peripherally and at the styio- 
mastoid foramen was unsatisfactory because 
of regeneration. These authors also found 
section of the nerve to be unsatisfactory. 
They have remarked on the unusual rapidity 
of regeneration, with return of the spasm, 
following section or injection of alcohol into 
the nerve. Gurdjian " stated that there was 
a recurrence among the cases that had had 
the twigs to the orbicularis sectioned, follow- 
ing his technique. He also stated that there 
was regeneration following alcohol injection. 
He expressed the belief that repeated alcohol 
injections were as effective as sections of 
the nerve. Floyd ™ has sectioned the nerves 
to the orbicularis, following Gurdjian’s tech- 
nique, He had two complete failures, one 
patient partially improved, and one good 
result. The last, however, had been followed 
up for only a short time. 
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Our results with the injection of alcohol 
and section of the nerves have been the same 
as those reported in the literature. We 
also have found that there has been rapid 
regeneration of the nerves following both 
procedures. I have found that the facial 
nerve develops an immunity to the effect of 
alcohol after a number of injections. This 
has manifested itself as follows: 1 cc. of 2% 
procaine hydrochloride is injected, with use 
of the O’Brien technique, in which the facial 
nerve is injected just anterior to the ear. 
After a few minutes there is complete 
akinesia. Then 2 cc. of absolute alcohol is 
injected through the same needle, which had 
been left in situ. In cases susceptible to 
alcohol, akinesia usually lasts six months or 
longer. As the injections are repeated in 
the same patient, the duration of the akinesia 
diminishes until, in some patients, it lasts 
only a few hours. Thus, after the effect of 
the procaine wears off, the alcohol adds little 
effect. 

Of interest have been the phenomenal re- 
generative qualities of the nerve after having 
been cut. I not only would divide the nerve 
but would bury the proximal end underneath 
the periosteum of the zygoma in an attempt 
to prevent recurrence. In a few months the 
nerve would grow back. In Case 4, where 
the nerve was anastomosed with the spinal 
accessory nerve, the facial nerve grew back 
and the patient regained control of the face, 
not with the spinal accessory but with the 
regenerated facial. Apparently it is difficult 
to cut all the fibers of the orbicularis oculi 
as performed by Fox ® and myself in Case 
6, because the spasm of the upper lid per- 
sists, 

Following Cases 4 and 5 over a long 
period of time has shown that this condition 
may burn itself out. Although the blepharo- 
spasm was still present in both cases, it was 
mild enough that control could be maintained 
and there was no interference with vision. 
In Case 4, where a facial-spinal accessory 
anastomosis was done on one side and only 
an alcohol injection on the other, 10 years 
later the result was about the same on both 
sides except for the facial contracture due 
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to the fascia lata transplant and for a droop- 
ing of the shoulder on the side operated on. 

The sling suture has given excellent re- 
sults in the three patients in which it was 
used. The rationale for the success of the 
sling suture in keeping the lids open is based 
on the following observations. When a 
spasm of both the lid and brow occurred, 
there appeared to be a difference in their 
timing. The spasm of the brow was of short 
duration, while the upper lid remained 
clamped down for a much longer time, pro- 
ducing the visual disability. With the sling 
suture in place, the frontalis muscle was able 
to pull on the upper lid and break its spasm. 
The spasm of the brow and upper lid became 
synchronized. They both contracted and 
closed the eye for an Augenblick and then 
opened well together. Thus the patient was 
not visually handicapped. With the eyes 
remaining open there was a tendency for the 
blepharospasm and facial spasm to diminish 
in frequency. This treatment is indicated 
as a palliative procedure for relief of the 
blindness until the cause of this type of 
blepharospasm is determined and a treat- 
ment for it devised. 


Summary 


A type of bilateral blepharospasm of un- 
known etiology, occurring in persons over 
the age of 40, is discussed. 

There has been marked disability in the 
severe cases because of the blindness caused 
by closure of the lids. 

A new treatment, consisting of placing a 
sling suture between the frontalis muscle and 
lid, has been used in three cases and has 
given symptomatic relief, 

432% Phoenix St. 
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Cysts of the Pars Plana Ciliaris 


O phthalmoscopic Appearance and Pathological Description 


ANTONIO GRIGNOLO, M.D.; CHARLES L. SCHEPENS, M.D., and PARKER HEATH, M.D., Boston 


A method of examination of the extreme 
fundus periphery has been devised by one 
of us (C. L. S.) and described previously.”* 
The instrument used is a binocular indirect 
ophthalmoscope mounted on a_ headband. 
With this ophthalmoscope * the extreme 
fundus periphery may be observed from 
the posterior pole to the posterior border 
of the ciliary processes, provided the sclera 
is indented with a scleral depressor. 

This method of examination is useful not 
only for the diagnosis and surgical treat- 
ment of retinal detachment but also for the 
study of changes observed in the fundus 


periphery in other conditions, for  in- 
stance, uveitis, macular degeneration, 
angiospastic retinitis, recurrent vitreous 


hemorrhages, and choroidal or retinal tu- 
mors, The alterations detected are impor- 
tant to complete the clinical picture of the 
diseases concerned and to improve under- 
standing of their pathogenesis. Because of 
the clinical importance of a careful examin- 
ation of the fundus periphery, every patient 
seen at the Massachusetts Eye and Ear 
Infirmary, in the Clinical Unit of the Retina 
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Foundation, is examined by this method; 
the present publication is a description of 
one type of findings resulting from its use. 

In 20 patients we have observed, with 
the indirect ophthalmoscope and scleral de- 
pressor, a peculiar cystic appearance of the 
pars plana ciliaris, and in 1 of these cases 
we were able to get pathological specimens. 


Ophthalmoscopic Appearance 


Upon examination with the ophthalmo- 
scope and scleral depressor, cysts of the pars 
plana ciliaris appeared as translucid bullous 
elevations. As a rule, each cyst observed 
occupied an area limited posteriorly by one 
ora bay and laterally by either adjacent 
striae ciliares or adjacent teeth of the ora 
serrata; anteriorly, a cyst seldom extended 
further than the anterior limit of the vitreo- 
retinal symphysis. In a few cases cysts have 
been seen to reach the posterior border of 
the ciliary processes, but, in these instances, 
their anterior portion was flattened. Their 
posterior aspect was sometimes ballooning 
into the vitreous cavity and projecting over 
the ora serrata, as a result of which the line 
of the ora serrata was hidden (Fig. 1). In 
general, cysts had a smooth surface; in a 
few instances, however, their posterior 
rounded aspect, which projected over the 
ora serrata, showed a thin and small piece 
of grayish tissue (Fig. 1). The latter was 
triangular, with ragged edges, and with the 
base attached to the cyst and the apex di- 
rected toward the center of the globe. This 
small piece of tissue was always immobile 
and appeared to be under tension, as if it 
exerted traction upon the cyst wall. The 
choroidal pattern was always visible through 
the wall of the cysts, and this fact hampered 
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Fig. 1.—Cysts of the pars plana ciliaris seen 
through the binocular indirect ophthalmoscope with 
the help of the scleral depressor. The cysts repre- 
sented are unusually large and project over the 
ora serrata, which is visible through the cysts only. 
Some cysts show a small piece of grayish tissue 
on their posterior aspect. This is a composite pic- 
ture, as only about two cysts are completely visible 
in one ophthalmoscopic field (Right eye, inverted 
image; see also Fig. 3, Case 8). 


their detection; they only became visible 
when viewed in profile (Fig. 2). To make 
this possible, fairly marked indentation of 
the sclera, with the scleral depressor applied 
accurately over the pars plana ciliaris, was 
required, When cysts of this region showed 
in profile, they could be recognized as form- 
ing grayish translucid elevations on the red 
background of the fundus. 

Cysts of the pars plana ciliaris were 
either few, and assembled in small groups 
of two or more, or fairly numerous, affect- 
ing a large portion of the pars plana ciliaris 
and producing a striking ophthalmoscopic 
appearance. An idea of the size, number, 
and location of the cysts observed so far 
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indentation. 


can be obtained from Figures 3 and 4, They 


Fig. 2.—Ophthalmoscopic field in which cysts of 
the pars plana ciliaris are made visible by scleral 


showed a marked tendency to occur on the 


temporal side and, more accurately, in the 
region extending, in the right eye, from 5 
to 11 o'clock, in a clockwise direction, and, 
in the left eye, from 1 to 7 o'clock. In 


Fig. 3.—Diagram indicating the location and ex- 
tent of cysts observed in the pars plana ciliaris. 
For each case, the very small paracentral circle 
represents the optic disc; the large inner circle 
corresponds to the equator, the middle circle cor- 
responds to the ora serrata, and the outside circle 
corresponds to the posterior border of the ciliary 
processes (see text for details). 
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some cases a cyst did not occupy the whole 
area outlined by one ora bay, and two cysts 
have been seen in one bay; they were either 
side by side or one behind the other. In 
two cases, on the contrary, two or more 
neighboring cysts appeared to have merged 
into one larger cavity (Fig. 3, Cases 5 and 
6). Most of the cases observed appeared to 
be either stationary or very slowly progres- 
sive, but rapid progress was observed in 
three patients. In the later, all partitions be- 
tween the cysts disappeared, giving rise to a 
smooth detachment of the pars plana cili- 
aris; later the retina became detached from 
the pigment epithelium along the ora ser- 
rata, creating a direct communication be- 
tween the cystic cavity of the pars plana 
ciliaris and an existing retinal detachment 
(Fig. 3, Cases 6, 7, and 8). 

A survey of the literature showed that 
cysts of the pars plana ciliaris, observed 
clinically, were described in 1950 by one of 
us,** who found them in 13 of 400 consecu- 
tive cases of retinal detachment; in a sub- 
sequent publication he ** presented a picture 
of their ophthalmoscopic appearance. In 
1951, Adams? observed cysts of the pars 
plana ciliaris in one of three eyes supplied 
by the Boston Eye Bank. Several other 
authors have described very large cysts of 
the ciliary body which were observed 
through the dilated pupil,**'* while others 
reported having observed such cysts by 
viewing the ciliary body with a gonioscope 
through a surgical coloboma of the iris.4?7 
The cysts we refer to were not seen to affect 
the region of the ciliary processes, but only 
the pars plana ciliaris. 


General Clinical Picture 


Of a total of 20 patients showing the 
condition, 6 had bilateral cysts; therefore, 
26 affected eyes came under observation. 
In two additional cases it is probable that 
the condition was bilateral. Eighteen of the 
patients ranged between 44 and 78 years 
of age, and the bilateral cases fall in this 
group. In two patients, ages 21 and 24, 
unilateral cysts of the pars plana ciliaris 
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were observed after a violent contusion of 
the affected eye (Fig. 3, Cases 4 and 5). 
Patient 4 was a professional boxer, who 
developed a flat retinal dialysis, in the upper 
nasal quadrant, after a blow on the eye. 
The unpigmented epithelium of the pars 
plana ciliaris appeared to be detached from 
the pigment epithelium in the area of the 
dialysis. Below this, in the lower nasal 
quadrant, there were several cysts of the 
pars plana ciliaris. This is the only eye in 
which cysts of the pars plana ciliaris were 
observed exclusively on the nasal side. The 
above data seem to indicate that senile 
changes and contusion of the globe are two 
possible etiological factors. 

Myopia was present in five patients, four 
of whom showed cysts of the pars plana 
ciliaris and retinal detachment, whereas 
three had a high degree of myopia, ranging 
between 7 and 12 D.; one patient showed 
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Fig. 4.—Diagram indicating the location and ex- 
tent of cysts observed in the pars plana ciliaris. 
For each case, the very small paracentral circle 
represents the optic disc; the large inner circle 
corresponds to the equator, the middle circle cor- 
responds to the ora serrata, and the outside circle 
corresponds to the posterior border of the ciliary 
processes (see text for details). 
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10 D. of myopia and extensive bilateral 
cysts of the pars plana ciliaris, without 
retinal detachment (Fig. 3, Case 1). 

Primary and secondary glaucoma has 
been observed by other authors in eyes 
which subsequently, upon pathological ex- 
amination, were found to have cysts of the 
ciliary body. In our series, there was glau- 
coma in Case 18 (Fig. 4); in most of the 
others there was a certain degree of ocular 
hypotension, which is commonly associated 
with retinal detachment. 

There are four other conditions which are 
predominantly located in the retinal periph- 
ery, over the temporal side, and which, there- 
fore, are possibly related to cysts in the 
pars plana ciliaris: retinal dialysis in the 
young, retinoschisis, retinal cysts, and cys- 
toid degeneration of the extreme periphery 
of the retina. In this group, there is only 
one observation in which a retinal dialysis 
was associated with cysts in the pars plana 
ciliaris (Case 4), retinoschisis was observed 
in no case, and a large retinal cyst was 
present in Case 10 (Fig. 3). 

Peripheral cystoid degeneration of the 
retina was first described by Blessig,? in 


1855. When viewed with an indirect stereo- 
scopic ophthalmoscope and a scleral depres- 
sor, it offers either one of two appearances. 
Small and regularly disposed cysts form 
parallel reddish streaks which run in a 
meridional direction and are closely packed 
together. Cysts large enough to be distin- 
guished individually, through the ophthal- 
moscope, form pink  gelatinous-looking 
elevations, like roe (Fig. 5). Cystoid de- 
generation is more marked near the ora 
serrata but may extend several millimeters 
posteriorly. Although it is more frequent 
and extensive in elderly persons, we have 
also found it in younger subjects and even 
in newborn infants. The affinity of this 
condition for the temporal side of the pe- 
ripheral retina has been explained by the 
relatively poor vascularization of this re- 
gion.”* Peripheral cystoid degeneration has 
been observed in many eyes showing cysts 
of the pars plana ciliaris; examination of 
gross specimens and of microscopic sec- 
tions confirms that the two conditions are 
definitely related. 

The majority of patients examined at the 
clinical unit of the Retina Foundation are 


Fig. 5.—Drawing made after a color photograph of the inside of an eye-bank eye. J, ciliary 


processes; the black crescent anterior to the processes is the back surface of the iris; 2, 
plana ciliaris; 3, cysts of relatively small size in the pars plana ciliaris (compare with Fi 


rs 


1); 4, small cysts in the peripheral retina (cystoid degeneration) ; 5, hyaloid membrane whieh 
is attached to the ora serrata by the vitreoretinal symphysis. 
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suspected of retinal detachment, and it is, 
therefore, understandable that only three 
had cysts of the pars plana ciliaris without 
retinal detachment in either eye (Cases 1, 
2, and 3). Our observations are too limited 
to decide whether or not cysts of the pars 
plana ciliaris are more frequent, or particu- 
larly well developed, in eyes with retinal 
detachment, but our pathological studies in- 
dicate that the two conditions are related 
to the same etiological factors. 

Of 20 patients showing cysts of the pars 
plana ciliaris, 17 had retinal detachment in 
at least one eye. A close examination of this 
group of 17 patients may cast some light on 
the origin of the cysts; in the latter group 
we observed 20 eyes with retinal detachment 
and 22 eyes with cysts of the pars plana 
ciliaris. The two conditions were found in 
the same eye 17 times and in a different eye 
5 times; they were both bilateral in Case 15 
(Fig. 4); in Case 9 (Fig. 3) cysts of the 
pars plana ciliaris were observed in the left 
eye and an upper temporal retinal detach- 
ment, in the right. In the latter eye the ora 
serrata was detached from the pigment epi- 
thelium, causing the retinal detachment to 
extend under the ciliary epithelium; it is 
probable that prior to the occurrence of 
this smooth detachment of the ciliary epi- 
thelium cysts of the pars plana ciliaris were 
present. If we include this case, we may 
consider that in 18 eyes we have observed 
the association of retinal detachment with 
cysts of the pars plana ciliaris. In 16 of 
this group of 18 eyes the type of fundus 
alteration seen in the detached retina could 
be determined with accuracy. Eleven eyes, 
one of which was aphakic, showed marked 
changes near the ora serrata; two eyes had 
alterations limited to the equatorial region; 
in three eyes the alterations were particu- 
larly extensive, covering the whole area 
from the ora serrata to the equator; the 
latter type of alteration is referred to as 
“mixed.” The Table compares the fre- 
quency of changes at the equator with those 
at the ora serrata and those of the mixed 
type; two groups of eyes have been selected 


534 


Location of Changes in Cases of Retinal Detach- 
ment and Cysts of the Pars Plana Ciliaris 


Retinal Detachment 
and Cysts of the Pars 
Plana Ciliaris 


Eyes, No. % 


Retinal Detachment 
Eyes, No. % 


Equator 495 62.5 2 12.6 
Ora 158 20 u 68.5 
Mixed 138 17.5 3 19 

Total 4 100 


for comparison, namely, 794 consecutive 
cases of retinal detachment and 16 eyes with 
retinal detachment and cysts of the pars 
plana ciliaris. 

The Table shows that in ordinary retinal 
detachment the equatorial type of degenera- 
tion is the most frequent but that when 
cysts of the pars plana ciliaris are present 
degeneration near the ora serrata is the most 
frequent. The probability that this difference 
has occurred by chance is less than 1 in 
1000. 

Sixteen of eighteen cases with retinal 
detachment and cysts of the pars plana 
ciliaris were operated upon. Reattachment 
of the retina was obtained in 10 cases; 
failure occurred in 4, and the result is 
unknown in 1. Another patient died on the 
llth postoperative day, and, therefore, the 
final result of her operation is also un- 
known. In cases operated on successfully 
the cysts of the pars plana ciliaris did not 
appear to change during the period of ob- 
servation; in addition, the position of the 
retinal tears and the extent or shape of the 
retinal detachment did not bear any appar- 
ent relation to the cysts in the pars plana 
ciliaris. This is not true of eyes operated 
upon unsuccessfully. The four instances 
where operation was unsuccessful showed 
massive vitreous retraction postoperatively; 
the latter condition was also present pre- 
operatively in the two cases not operated 
upon. 

Massive vitreous retraction is a condition 
in which the whole surface of the retina is 
puckered into fixed folds, according to a 
typical pattern.** This fundus appearance 
was observed either preoperatively or post- 
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operatively in 17.1% of 900 consecutive 
cases of retinal detachment. It is significant, 
therefore, that of 18 cases of retinal detach- 
ment, in which cysts of the pars plana 
ciliaris were also present, massive vitreous 
retraction was observed 6 times (33%); 
the probability that this difference has oc- 
curred by chance is 7%. In every case 
showing massive vitreous retraction and 
cysts of the pars plana ciliaris the retinal 
tears and the fixed retinal folds began to 
develop in the area adjacent to the cysts. 
Of four cases where massive vitreous re- 
traction developed while the patients were 
under observation, three showed cysts which 
were overhanging the line of the ora serrata, 
at the time of the first examination; this 
characteristic was not present in any of the 
other cases. 

In six of the cases where a retinal detach- 
ment and cysts of the pars plana ciliaris 
were both present, cyst-like elevations were 
also seen in the temporal retina, near the 
ora serrata. In this group massive vitreous 
retraction was present four times; in one 
case the retina failed to reattach for another 
reason, and retinopexy was successful only 
once. The probable relation between cyst- 
like elevations in the peripheral retina, cysts 
of the pars plana ciliaris, and massive vit- 
reous retraction is indicated by the following 
sequence of events observed in four cases. 
First, overhanging cysts of the pars plana 
ciliaris merged and were changed into a 
smooth detachment of the pars plana ciliaris. 
At the same time, cyst-like elevations of 
the retina formed in the adjacent area of the 
extreme periphery of the retina. Later, the 
attachment of the ora serrata to the pigment 
epithelium became detached, thus creating 
a retinal detachment which extended under 
the ciliary epithelium. Finally, the cyst-like 
elevations of the retina grew larger and 
seemed to be pulled gradually toward the 
dise until, a few days later, the full picture 
of massive vitreous retraction was observed. 

The following provisional conclusions 
may be derived from our observations. 
When cysts of the pars plana ciliaris are 
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associated with retinal detachment, marked 
alterations are generally found in the region 
of the ora serrata. There seems to be no 
relationship between the location of the 
breaks and that of the cysts of the pars 
plana ciliaris, except in cases where massive 
vitreous retraction develops; in the cases 
observed, the latter originated in the tem- 
poral periphery and appeared somehow 
related to the cysts of the pars plana ciliaris. 


Pathological Findings 


In one case where retinal detachment, 
marked cystoid degeneration of the extreme 
periphery of the retina, and cysts of the 
pars plana ciliaris were clinically observed, 
pathological sections were obtained from 
both eyes, after the patient’s death, This 
established that the changes observed with 
the ophthalmoscope in the pars plana ciliaris 
and in the extreme periphery of the retina 
had been correctly interpreted. 

Case History.—One week prior to admis- 
sion, in July, 1948, a healthy-looking 78- 
year-old woman noticed a sudden loss of the 
temporal field in the left eye. She was 
approximately emmetropic and showed se- 
nile peripheral lens opacities. There was a 
nasal retinal detachment with two small 
tears in the equatorial region at 10:30 
o'clock. With an indirect binocular ophthal- 
moscope and scleral depressor, five large 
cysts were visible in the pars plana ciliaris, 
above and temporally; the inferior fundus 
periphery could not be seen because of the 
lens opacities. Surface diathermy applica- 
tions, followed by perforations, were made 
over the area of the retinal breaks. The 
postoperative course was uneventful until 
the seventh day, when the patient developed 
pain in the chest and a diagnosis of pneu- 
monia with cardiac failure was made. She 
died on the 11th postoperative day. 

Postmortem examination revealed a 
thrombosis of the right popliteal vein, large 
multiple pulmonary emboli, and infarction 
of the small bowel from an undetermined 


cause. 
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Macroscopic Eye Findings.—After fixa- 
tion of the eyes in 4% formaldehyde, 
macroscopic findings in the left eye were as 
follows: The globe was of normal size, 
and its anterior segment showed no abnor- 
malities; transillumination was satisfactory 
in all meridians. Multiple bluish dots re- 
sulting from diathermy applications ex- 
tended nasally and above from 8 to 2 
o'clock, in the equatorial region. The globe 
was opened vertically on the medial side, 
and sections were later cut toward the tem- 
poral side; a small temporal calotte was 
made for special sectioning. The retina 
appeared to be attached superiorly and tem- 
porally, but it showed elevation with sub- 
retinal coagulum inferiorly and posteriorly; 
the elevated area measured about 1616 
mm., and maximum elevation reached 6 mm. 
in the inferior portion of the fundus. Bands 
of vitreous were adherent to oral and equa- 
torial regions above. 

Microscopic Finding s.—Hematoxylin- 
and-eosin and Masson stains were used. The 
cornea showed some reduction of epithelial 
layers except at the limbus, which presented 


Fig. 6.—Photomicrograph showing a large 
cyst of the pars plana ciliaris; CB, ciliary body; 
Cy, cyst with visible traction at the three points, 
T; OR, ora serrata with small cyst. Reduced from 
mag. X 18. 
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Fig. 7.—Photomicrograph showing the region 
of the ora serrata with cysts (OC) less elevated 
than in the pars plana ciliaris; the posterior portion 
of a_ pars plana cyst (PPC) is also visible. Re- 
duced from mag. X 70 


nodular thickenings; a degenerative pannus 
was noted. The angle of the anterior cham- 
ber appeared sclerosed and contained some 
pigment in the trabeculum; Schlemm’s canal 
was open and double in part of its course; 
anterior synechias were visible in some 
sections, but the iris was otherwise normal. 
The muscular wedge of the ciliary body 
was definitely fibrotic and took considerable 
eosin stain; it was infiltrated by a few 
chronic and subacute inflammatory cells. 
Marked hemorrhage was noted at 12 o'clock 
in the ciliary processes and vitreous. The 
lens appeared cataractous, with fluid clefts 
in the adult cortex; the subcapsular epithe- 
lium extended posteriorly. The zonule 
seemed to be tense and tough, and it was 
thickened; it could be traced as far pos- 
teriorly as the pars plana ciliaris and the 
oral retina. 

In the region of the pars plana ciliaris 
there were extensive cystic cavities separat- 
ing the pigmented from the unpigmented 
ciliary epithelium (Fig. 6); a particularly 
large cyst was found at 6 o'clock, and frag- 
mentary cyst remnants were present above 
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and temporally. Cystoid degeneration was 
present in the peripheral retina, near the ora 
serrata, but the cavities in this area were 
less elevated (Fig. 7). Morphological evi- 
dence of early stages of the cyst formation 
was plain in pigmented and unpigmented 
epitheliums (Fig. 8). The pigment epi- 
thelium of the pars plana ciliaris had pro- 
liferated into knob-like collections of heavily 
pigmented cells with a pseudogland appear- 
ance. The unpigmented epithelium displayed 
remarkable elongation, with nuclei appar- 
ently increased in number and located in 


Fig. 8.—Photomicrograph showing a cyst in the 
pars plana ciliaris (PPC) and developing cysts 
(FZ) in the unpigmented ciliary epithelium, with 
elongated cells showing nuclei which have migrated 
towards the vitreous cavity; proliferating pigment 
epithelium (PE) with pseudoglands. Reduced from 
mag. X 70. 


that part of the cyst periphery which was 
in contact with the vitreous cavity. Stain- 
able fluid collected between the unpigmented 
epithelium, where some cells showed an 
incomplete membrane, and the pigment epi- 
thelium. The walls of both small and large 
cysts contained multiple very small cysts. 
This was especially true in areas where 
confluence had not yet formed very large 
cysts (Figs. 7 and 8). These changes were 
most marked in the pars plana ciliaris; 
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Fig. 9.—Photomicrograph showing the anterior 
portion of a pars plana cyst (PPC) dragged for- 
ward by zonular bands (ZB); proliferating pig- 
mented epithelium (PE) is clearly visible. Reduced 
from mag. X 115. 

larger cysts extended into the posterior 
aspect of the ciliary processes, across some 
striae ciliares and also posteriorly into the 
ora serrata. Coarse zonular fibers and deli- 
cate organized strands caused traction 
anteriorly (Figs. 9, 10, and 11), as demon- 
strated by the fact that many cysts showed 


Fig. 10.—Photomicrograph of the region of the 
ora serrata showing multiple small cysts with gen- 
eral conaeyreeee pointed anteriorly, Reduced from 
mag. X 1 
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Fig. 11.—Photomicrograph showing zonular fi- 
bers (ZF) pulling away unpi nted epithelium 
aE the pars plana ciliaris. Reduced from mag. 
x 127. 


a pointed anterior configuration which was 
often finger-like, as though drawn ahead; 
these finger-like extensions were connected 
to strands, either with or without evidence 
of inflammation and organization. It ap- 
peared likely that attachment between pig- 
mented and unpigmented epithelium had 
weakened, possibly as a result of senile and 
sclerotic changes. Extensive hyaline degen- 
eration was recognizable; Bruch’s membrane 
was basophilic. Notable were scattered areas 
of old chorioretinitis in the anterior portion 
of the fundus, with fusion between the 
atrophic choroid and the degenerated retina. 
A superonasal retinal break was traced 
through several sections. The retina for 
the most part was well back in position in 
the upper quadrants, with occasional areas 
of detachment containing stained material. 

The diathermy, applied 11 days previ- 
ously, caused a remarkably mild inflamma- 
tory reaction (Fig. 12). Ganglion cells of 
the retina were large, abortively swollen, 
and sharply diminished in number. Consid- 
erable pigment displacement was present in 
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the zones of the retina and choroid operated 
upon, and fusions between these two struc- 
tures were identifiable as new processes. 
Hemorrhage was moderate in the diatherm- 
ized area but rather substantial near the 
nerve head, where blood had accumulated 
between the pigment epithelium and the 
rods and cones. In the sections showing 
diathermic needle perforations, pigment con- 
taining cells and strands of fibrous tissue 
extended from the pigment epithekum to 
the episclera and indicated a healing process 
extending from within outwards. A healed 
funnel-shaped perforation through the sclera 
was found, which had been achieved by the 
method of scratch incision. The opening 
had filled in with fibrous cellular tissue con- 
taining a few pigmented cells; the fibrous 
collection plugging the opening was probably 
loose enough to permit drainage. At this 
point the old process had made the retina 
fibrotic, and the new attack by coagulation 
necrosis had injured it more than the cho- 
roid, 


Fig. 12.—Photomicrograph of an area treated 
with diathermy, 11 days after operation; the sclera 
(S) shows mild reaction as the result of a needle 
perforation; reaction in the choroid (CH) is also 
mild; necrosis is more extensive in the retina (R). 
Old healed and diffuse chorioretinitis is also visi- 
ble. Reduced from mag. X 115. 
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Fig. 13.—Photomicrograph of the optic nerve 
head (ON) with early organization and new 
formed vessels (NI’) in the optic cap and vitreous. 
Reduced from mag. X 115. 


Fixation had caused marked shrinkage 
of the choroid, which showed an increase 
of inflammatory cells; in some areas eosino- 
phils predominated, but collections of 
lymphocytes were also visible. The vascular 
channels of the retina and choroid showed 
marked sclerosis with hyalinization. The 
optic nerve was slightly edematous, and 
early organization of the vitreous was 
present within the cup (Fig. 13). The 
central retinal vessels were congested and 
contained a considerable number of poly- 
morphonuclear cells. The dura of the 
meninges was thickened and _hyalinized, 
while the arachnoid exhibited thickened 
coarse strands. 

The right eye displayed the same elements 
of pathology as the left, except for the sur- 
gical features and subsequent repair. A 
large cyst of the pars plana ciliaris was 
present in the 6 o'clock position. 

Summary of Microscopic Findings.—The 
most significant microscopic findings in- 
cluded low-grade cyclitis with hyalinization 
and healed anterior chorioretinitis, cystic 
separation of the nonpigmented from the 
pigmented epithelium of the pars plana 
ciliaris, and cystoid degeneration of the 
anterior retina, near the ora serrata. Ex- 
tensive traction was apparent on the anterior 
retina and on the epithelium of the pars 
plana ciliaris; it was exerted by zonular 
fibers and organized vitreous strands. The 
retinal detachment with visible retinal break 
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was partly repaired as a result of the opera- 
tion; the latter caused mild inflammation, 
pigment proliferation, and hemorrhagic re- 
action. 

Cysts located in the anterior portion of 
the uvea have been found by other authors 
in a number of pathological specimens; 
however, most of the descriptions found in 
the literature concern cysts of the iris. Cysts 
of the ciliary body, affecting the epithelial 
layers, are less frequent. The latter were 
found accidentally upon sectioning, in 
globes where other pathological conditions 
were known to 1415 We are unable 
to find in the literature a description of 
microscopic findings in eyes with the ex- 
tensive type of cystic disease of the pars 
plana ciliaris, observed in both eyes of our 
patient. 


Pathogenesis 


Many hypotheses have been proposed to 
explain the formation of cysts in the an- 
terior segment of the uvea. None of them is 
entirely satisfactory. It seems likely that 
cysts in the epithelium of the iris and ciliary 
body may result from various causes, such 
as chronic uveal inflammation, sudden de- 
crease of the intraocular pressure caused 
either by paracentesis or by perforating 
trauma, and degenerative senile changes 
which often affect the ciliary epithelium. 
These cysts appear to be associated with a 
number of clinical conditions, such as 
primary glaucoma, glaucoma secondary to 
an intraocular tumor, and edema of the 
ciliary epithelium in diabetics. They have 
also been observed as a congenital ab- 
normality. Experimentally, they have been 
produced by several methods, such as tap- 
ping of either the anterior chamber or the 
vitreous cavity, chemical irritation of the 
limbus, subconjunctival injections of hyper- 
tonic saline solution, continuous pressure on 
the eye, ligation of the vortex veins, and 
removal of the superior cervical ganglion.® 
6,18,20,21,.26 We may summarize clinical and 
experimental evidence found in the literature 
by saying that two factors seem to cause 
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cysts of the anterior segment of the uvea: 
first, marked changes of the intraocular ten- 
sion and, second, irritation of the ciliary 
body. 

In the cases which we have observed, 
the influence of the first factor could not 
be assessed. Irritation of the ciliary body 
was present in a number of cases, as in- 
dicated by the following observation; Of 17 
eyes where cysts of the pars plana ciliaris 
and retinal detachment were associated and 
where a detailed fundus examination was 
possible, 14 showed marked chorioretinal 
alterations close to the ora serrata. The 
importance of senile degeneration cannot be 
discounted, as 80% of our patients were 
over 50 years of age. Finally, contusion of 
the globe may be a factor in a number of 
cases, as two young persons (Cases 4 and 
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Fig. 14.—Schematic drawing of the anterior segment of a left human globe, seen from the 


5) gave a definite history of trauma to the 
affected eye. It is possible that alterations 
near the ora serrata, age, and trauma all 
cause the vitreous and the zonule to exert 
unusual traction upon the ciliary epithelium, 
in the area of the vitreoretinal symphysis. 
This hypothesis also explains why cysts of 
the pars plana ciliaris are nearly always 
found on the temporal side of an oblique 
axis running roughly from 11 to 5 o'clock 
in the right eye and from 1 to 7 o'clock 
in the left eye. If the eyes are sectioned 
along these axes, important differences are 
found, between the two halves, in the retino- 
choroidal attachment and in the vitreoretinal 
symphysis (lig. 14). The latter forms a 
band extending from the ora serrata to 
approximately the middle of the pars plana 
ciliaris; it is 1 mm. wider temporally than 


NASAL 


back. The lens is surrounded by the ciliary processes, or corona ciliaris; the scalloped outer 
circle represents the ora serrata. The black area corresponds to zone of marked pigmentation ; 
it has been found clinically to coincide with a strong adhesion between the pigment epithelium 
and the nonpigmented epithelium (retinochoroidal adhesion). The latter adhesion is markedly 
asymmetrical; the axis of symmetry, in the left eye, is obliquely oriented from about 11 o'clock 
to about 5 o'clock. The vitreoretinal symphysis, or vitreous base, occupies a band, about 2 
mm. broad, which extends from the ora serrata to the middle of the pars plana ciliaris 


(indicated by a dotted line). 


The vitreoretinal symphysis is wider temporally. 


From this 


diagram it is obvious that traction on the vitreoretinal symphysis will tear the ciliary epithelium 
off the pigment epithelium more easily on the nasal side than on the temporal side. ( Modified 
from Schepens, C. L.: Am. J. Ophth. 38:8-21 (July, Pt. 10, 1954.) 
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on the nasal The retino- 
choroidal attachment, in the region of the 
ora serrata, is superposed to the area of 
increased pigmentation; it is weak nasally 
and strong on the temporal side. It has been 
observed clinically that traction exerted 
upon the nasal portion of the vitreoretinal 
symphysis produces a smooth detachment 
of the ciliary epithelium, because the latter 
is easily torn off the striae ciliares. If trac- 
tion is maintained, the ora serrata itself is 
torn off the pigment epithelium, because the 
retinochoroidal attachment is weak on the 
nasal side; consequently, cysts of the pars 
plana ciliaris are rarely observed on the 
nasal side. On the other hand, when traction 
is exerted upon the temporal half of the 
vitreoretinal symphysis, the ciliary  epi- 
thelium becomes detached in a_ cyst-like 
fashion, because it remains attached to the 
pigment epithelium along the striae ciliares, 
which are more numerous temporally than 
nasally and which consequently resist trac- 
tion better. Moreover, at the ora serrata 
the retinochoroidal attachment is broad 


Fig. 15.—Photomicrograph taken from another 
case, showing an operculum (O) displaced anter- 
iorly, far away from the retinal break, by vitreous 
traction; the direction of displacement is indicated 
by arrows. The region of the ora serrata (OS) 
shows early cystoid degeneration. Reduced from 
mag. 190, 
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Fig. 16.—Photomicrograph taken from another 
case, showing a tag of tissue pulled from the inner 
layers of the retina into the vitreous cavity; this 
process follows an old chorioretinitis and fibrosis. 
Reduced from mag. 115. 


temporally and, therefore, is not easily torn; 
this further explains the relatively frequent 
occurrence of temporal cysts. 

The hypothesis that traction upon the 
vitreoretinal symphysis causes cysts of the 
pars plana ciliaris fits with the fact that 
the cysts are more elevated near the ora ser- 
rata, that they flatten out in front of the an- 
terior border of the vitreoretinal symphysis, 
and that the small piece of tissue which is 
sometimes visible at their apex appears to be 
under traction. It also explains the relation 
between cysts of the pars plana ciliaris and 
other conditions, which also result from 
vitreous traction, such as detachment of the 
ora serrata from the underlying pigment 
epithelium, massive vitreous retraction, and 
simple retinal detachment. 

Microscopic findings in eyes showing cysts 
of the pars plana ciliaris agree with our 
clinical observations and with the above 
hypothesis. Chronic irritation and senile 
degeneration of the ciliary body produce 
hyaline degeneration and sclerosis. On the 
one hand, these changes probably reduce the 
normal movements of the ciliary body, 
wherein the posterior third moves anteriorly, 
and, on the other hand, they are likely to 
increase traction on fibers coursing to the 
region of the ora serrata. It is also possible 
that misdirected ciliary transudate and se- 
cretion contribute to cyst formation.* The 
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study of eyes supplied by the Boston Eye 
Bank indicates that tags of tissue found in 
the vitreous cavity may be pulled off from 
the region of the pars plana ciliaris or from 
the anterior retina during life (Fig. 15). 
Some of these tags retain their attachments 
(Fig. 16); others have a size and shape 
which fit corresponding defects. These find- 
ings reinforce the thesis that traction on 
the retina and ciliary epithelium causes 
pathological changes. 


Summary 

:xtensive cysts of the pars plana ciliaris 
have been observed clinically in 26 eyes of 
20 patients; in 1 eye the changes observed 
with the ophthalmoscope were subsequently 
studied in microscopic sections. There is 
excellent clinical and pathological evidence 
showing that traction on the ciliary epi- 
thelium of the pars plana is an essential 
etiological factor. Traction effects are facili- 
tated by degenerative changes in the periph- 
eral choroid, retina, and ciliary body, 
which in turn may result either from low- 
grade inflammation or from senile changes. 
Other etiological factors may be contusion 
of the globe and myopia. When cysts of the 
pars plana ciliaris are associated with retinal 
detachment, marked alterations are generally 
found in the region of the ora serrata. In 
eyes with cysts of the pars plana ciliaris 
which have subsequently developed massive 
vitreous retraction, the latter originated in 
the temporal periphery and appeared some- 
how related to the cysts. The clinical and 
pathological presented indicates 
that retinal detachment and cysts of the pars 
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plana ciliaris have a common etiological fac- 
tor, namely, traction forward and inward. 

The interpretation of pathological changes was 
facilitated by numerous control specimens supplied 
by the Boston Eye Bank. 

The drawings were made by William Stenstrom 
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Macular Changes After Venous Obstruction 


GEORGE N. WISE, M.D., New York 


At least four mechanisms of branch or 
central retinal vein obstruction are known.' 
They are (1) venous endothelial prolifera- 
tion, (2) periphlebitis leading to obstruc- 
tion, (3) stagnation thrombosis, and (4) 
pressure from without as in branch arterio- 
venous nicking or central thickening of the 
intermediate connective tissue strand at the 
lamina cribrosa. The usual clinical picture 
which initially follows the obstruction is 
too well known to require description. It 
suffices to say that this is the clinical picture 
usually erroneously called venous branch or 
central vein thrombosis. In view of recent 
work! showing the small part actually 
played by thrombosis in this syndrome, 
branch venous or central vein obstruction 
would be a much more accurate term to use. 
Verhoeff’s original fight for this contention 
should be noted.? 

The myriad fundus changes seen six 
months to many years after branch or cen- 
tral retinal vein obstruction have been ne- 
glected both clinically and in microscopic 
study until recently.*!' The advanced age 
of many of these patients, the frequent dif- 
ficulty in seeing through partially obstructed 
media, the tediousness of accurate observa- 
tions, and the therapeutic hopelessness of so 
many cases all probably play a part in the 
scanty literature on this subject. 

It is the object of this paper to discuss 
some of the things learned from a study of 
the late changes after branch and central 
retinal vein obstruction and some of the 
speculations these findings have suggested. 
This discussion will be limited to the 
changes seen at the macula, with an occa- 
sional reference to illuminating lesions seen 
elsewhere in the fundus. 


~ Received for publication May 1, 1957. 
From the Department of Ophthalmology, New 
York University Post-Graduate Medical School. 
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Several generalizations seem pertinent 
before reporting the specific findings: 1. 
No macular change was observed unless 
some vein in the ultimate macular drainage 
system was involved. 2. The larger the 
obstructed vein, usually, though not invari- 
ably, the severer was the terminal picture. 
3. The older the patient, the more likely was 
permanent macular involvement to be found. 
4. Venous inflammatory obstructions usually 
had a much better visual prognosis and 
showed less late pathology than degenera- 
tive obstructions. 5, The macular area was 
the most commonly involved area in central 
or temporal branch vein obstructions. Nasal 
vein obstructions, because of the relative in- 
frequency of arteriovenous crossings on 
this side of the disc, were comparatively un- 
common, 6. Unless the examination was 
made carefully with intense illumination, 
or with the retinal slit lamp, late macular 
pathology was missed. A battery ophthal- 
moscope did not suffice. 


Findings and Comments 


What, then, were the usual macular find- 
ings after venous obstruction ? 

1. Normal.—A normal macular area after 
temporal branch or central vein obstruction 
occasionally was reported in the older lit- 
erature. In my experience, this finding was 
most rare, especially if the area was care- 
fully searched. 

The following abnormal findings were 
occasionally seen alone but most frequently 
occurred in various combinations. 

2. Pigment Proliferation.—Residual pro- 
liferation of the pigment epithelium at the 
macula was very common. It was variable, 
heavy and black, lighter and irregular, as 
a central mass, or about the border of a 
central fibrosis or central depigmented area. 


4 


Fig. 1— Man, age 67. 
Central retinal vein ob- 
struction O. D. four years 
previously. Macula, show- 
ing depigmentation and 
loss of foveal reflex (bor- 
der of lesion retouched). 


Foveal markings and reflex were absent in 
such cases. 

3. Pigment Atrophy.—This appearance 
was observed only once. There remained 
a relatively oval central area of depigmen- 
tation with a few scattered granules of 
proliferated pigment epithelium inter- 
spersed. Foveal markings and reflex were 
also absent in this case (Fig. 1). 

4. Residual Macular Edema.—This find- 
ing was very common. It obscured the 
foveal reflex and macular markings and 
often persisted for months. Occasional 
chronic edema exudates were seen. Macular 
star has been reported.’* It appeared that 
residual macular edema was less likely to 
persist the better the collateral circulation. 
The persistence of edema in this area, as 
compared with other retinal regions, was 
in keeping with Verhoeff’s microscopic 
finding of most marked retinal edema at 
the macula after venous obstruction.” 

5. Macular Cyst.—With prolonged mac- 
ular edema this lesion became more likely. 
It has been reported in one instance '* and 
personally observed once by me. 

6. Macular Hole.—With rupture of the 
anterior cyst wall, a typical macular hole 
appeared. It is well to note that most such 
macular holes are not actual holeg in the 
true sense, for the external limiting mem- 
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brane is usually intact. I have neither 
observed nor seen reported any local detach- 
ment from such a lesion. 

7. Persistent Macular Hemorrhages.— 
Punctate or blot deeper hemorrhages, and, 
less frequently, superficial ones, were com- 
mon in the macular area many months after 
the original venous obstruction. It cannot 
be said with certainty whether the original 
hemorrhages persisted or whether they ab- 
sorbed and recurred from time to time. 
They were observed in the central area as 
long as five years after the original venous 
obstruction. Moore ' noted persistent hem- 
orrhages in an area of venous obstruction 
21 years after the original block, 

8. Neovascularization and Aneurysms.— 
Frequently, in the macular area, especially 
just above or below the fovea, patches of 
intraretinal neovascularization or dilated 
preexisting vascular channels were seen. 
Associated microaneurysms were regularly 
seen in such zones, The latter were variable 
in size and shape and appeared alone or 
attached to small vascular twigs. When 
differentiation could be made, such vascular 
twigs were venous in origin. Their un- 
equivocal arterial origin was not observed. 
The dilated preexisting or neovascular chan- 
nels were of fine irregular caliber, anasto- 
mosed freely, had twisted and tortuous 
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courses, and possessed frequent knobs, or 
ectasia. These vascular changes were first 
noted four to six months after the obstruc- 
tion. They have been observed to persist 
for four or five years and undoubtedly do 
persist even longer. Such changes may be 
readily overlooked with the ordinary battery 
ophthalmoscope. Intense illumination such 
as in the high-voltage-ophthalmoscope or 
slit-lamp examination is essential for their 
detection. 

Example: A 48-year-old man with hyper- 
tension and mild diabetes, the latter con- 
trolled by diet alone, was seen with the 
classic picture of obstruction of a macular 
branch of the superior temporal vein at an 
arteriovenous crossing. The vision was 
20/200. Two years and three months later 
the vision had returned to 20/20. Examina- 
tion with a large battery ophthalmoscope 
revealed no obstruction, no change in the 
previously obstructed vein; no hemorrhages, 
edema, or exudates; no neovascularization 
or aneurysms; no pigment proliferation or 
atrophy, and a good foveal reflex. How- 
ever, examination with both the more in- 
tense illumination of the high-voltage 
ophthalmoscope and the retinal slit lamp 
revealed very fine anastomosing new blood 
vessels, ectasias, and microaneurysms in the 


area of venous drainage beyond the original 


obstructive site. They were noted especially 
just above the macula, and all were intra- 
retinal. Some new vessels were connected 
with small venous twigs. With others no 
vascular connection was visible. 

This would have been considered a com- 
plete recovery following branch venous 
obstruction had examination with the high- 
voltage ophthalmoscope and slit lamp not 
been made. 

9. Fibrosis and Retinal Folds.—Six 
months to a year after obstruction of some 
venous branch draining the macular area, 
a dirty gray or lighter fibrosis often ap- 
peared in this central area. It was frequent- 
ly associated with edema, aneurysms, and 
neovascularization as described above. A 
scattered pigment proliferation at times was 
interspersed. The fibrosis varied from light 
to heavy and tended to increase with the 
passage of time. The fibrosis appeared to 
be both intra- and preretinal and occasion- 
ally was thick enough to be a dense white 
plaque (Fig. 2). There were radiating 
retinal folds in such areas, as though, in 
contracting, the fibrosis had drawn the retina 
into ridges at this site. The word fibrosis 
is used here in preference to gliosis, for 
there is recent evidence that mesenchymal 
fibroblasts rather than glial cells accompany 


Fig. 2.—Woman, age 
72. Superior temporal 
vein obstruction O. D. 
five years previously. 
Marked macular fibrosis 
and pigment proliferation 
with retinal folds. Note 
sclerotic changes in su- 
perior temporal artery as 
compared with the infe- 
rior temporal artery. This 
sclerosis is secondary to 
the branch venous ob- 
struction, 
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Fig. 3.— Same patient 
as in Figure 2. Two cir- 
cinate figures about cen- 
tral aneurysms. This 
lesion was lateral and 
slightly above the macula 
(aneurysms retouched). 


the new vessels in retinal 
tion,5:14-16 


neovasculariza- 


I have seen this picture mistakenly diag- 
nosed as senile macular degeneration on 
several occasions. Neovascularization and 
aneurysms are not visible in senile macular 
degeneration and should serve to distin- 
guish these Furthermore, macular 
fibrosis is usually associated with venous 
changes elsewhere in the obstructed area. 

Duff, Falls, and Linman,!* without fur- 
ther descriptions, mentioned marked gliosis 
at the macula 


two. 


after venous obstruction. 


Cassady '*? and MacLean and Brambel '* 
both mentioned neovascularization above 
and below the macula after venous obstruc- 
tion. Friedenwald'® in one carefully ob- 
served case of malaria with venous 
obstruction, described residual grayish 
streaks and dots at the macula. Kleinert *° 
has recently described macular lesions which 
| believe are identical to the above. He 
called these primary retinal folds in the 
macular area, for they occurred in fundi 
showing no other retinal pathology. Of his 
six cases, four early and two late, three 


Fig. 4.—Same patient 
as in Figure 2. Circinate 
figure with central aneu- 
rysms above macular fi- 
brotic lesion. Some 
aneurysms show hyalini- 
zation (aneurysms re- 
touched 
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Fig. 5.—Woman, age 
57. Obstruction 
superior temporal vein 
0. D., 1951. Seen at time 
of original obstruction, 
aml picture was classic. 
This picture was taken 
five and one-half years 
later. Note light-colored 
fibrosed segment of origi- 
nal vein which was behind 
the arterial crossing prior 
to obstruction. The major 
new collateral now goes 
over the artery to join the 
original vein above. 


branch 


had glaucoma; one, vasomotor vascular in- 
stability, and one, hypertension and arterio- 
sclerosis. The sixth occurred 
70-year-old man described as a_ heavy 
smoker and alcoholic. Kleinert concluded 
that the retinal lesions were associated with 
vascular changes at the posterior pole. Of 
his six cases, four had diseases commonly 
associated with retinal venous obstruction ™ 
and a fifth was in the age group commonly 
afflicted with this disease. Of interest, too, 
was the fact that his cases showed a heavier 


case in a 
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fibrosis with increasing age of the lesion. 
This will be further discussed later. 

10. Circinate Change.—A ring of inert 
yellowish-white exudates about a central 
aneurysmal cluster of variable size rarely 
occurred in the general macular area follow- 
ing temporal branch or central vein obstruc- 
tion (Figs. 3 and 4). An identical lesion 
has also been seen in the obstructed area 
of other parts of the fundus following 
branch or central vein obstruction (Figs. 5 
and 6). I have seen one such lesion centered 


Fig. 6—Same patient 
as in Figure 5, showing 
peripheral circinate figure 
with central 
some 


aneurysms, 
hyalinized. The 

obstructed vein 
is to the left (aneurysms 
retouched 


original 
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on the macula following the clinical picture 
of classic “venous thrombosis.” 

These circinate lesions composed of a 
ring or partial ring of coalescing yellowish- 
white exudates had considerable variation. 
The ring was of variable breadth and varied 
in distance from the central aneurysmal 
cluster. Small discrete exudates appeared 
on either side of the coalescent ring and 
presented a picture not unlike the Norway 
coast if the water were represented by the 
normal fundus area. The retinal zone be- 
tween the ring and the aneurysms was con- 
spicuously free of exudation. At some times 
the central aneurysms were clearly visible; 
at others there was a thin grayish haze over 
them—probably preretinal fibrosis. Occa- 
sionally there was a denser slightly elevated 
grayish tissue which almost obscured the 
aneurysms from view—probably heavier 
preretinal Leber’s multiple 
miliary aneurysms associated with retinal 
degeneration and Reese’s **** capillary 
hemangioma or retinal telangiectasis both 
closely resemble the lesion just described. 
While Leber considered the aneurysms ar- 
terial in origin, Reese tended to place his 
on the venous side of the circulation. In 
fact, two of Reese’s five cases** showed 
other changes commonly associated with 


fibrosis. 


venous obstruction. Also, the circinate phase 
of diabetic retinopathy is practically iden- 
tical with the lesion just described.* 

The exudates seen in these circinate le- 
sions after venous obstruction were often 
clinically identical with those of diabetic 
retinopathy. This fact, and the finding of 
identical classic ring forms extramacularly 
in several cases of diabetic retinopathy, 
suggested a study of the relationship be- 
tween microaneurysms and diabetic exu- 
dates. Surprisingly, careful examination 
with the retinal slit lamp of a number of 
fundi showing moderate to severe diabetic 
retinopathy revealed innumerable ring and 
arc forms of exudation centered about 
groups of aneurysms (Figs. 7A and 7B). 
Not all clusters of aneurysms had an exu- 
dative are or ring about them. On the other 
hand, some rings showed central aneurysms 
and some a central tuft of rete retinitis 
proliferans (Ballantyne). On one occasion 
the rete proliferans from the center of an 
exudate ring was connected with a spray 
of preretinal neovascularization originating 
from a large nearby obstructed retinal vein 
(Fig. 8). Thus it appeared that diabetic 
exudates were not scattered indiscriminately 


*For a more complete discussion of this section, 
see Houston and Wise.” 


Fig. 7A.—Man, age 65. 
Diabetic retinopathy O. 
S., showing innumerable 
circinate figures about 
central cluster of aneu- 
rysms. 
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Fig. 7B.—Schematic 
representation of some of 

the ring forms in Figure 

7A. This was made by } 
placing a _ transparency : 
over the figure and | 
sketching in some of the ‘ 
major rings and arcs. For 
clarity, many were omit- 

ted. 


over the fundus, but bore a definite relation 
to the microaneurysms in this disease. Many 
of the diabetic arc or ring forms showed 
a light gray haze over the central core of 
aneurysms. Ballantyne *° and Klien ** have 
both described in pathologic section a deli- 
cate preretinal fibrosis associated with early 
rete neovascularization in diabetic retinop- 
athy. The delicate gray haze just mentioned 
was undoubtedly due to this preretinal fibro- 
sis. 

The circinate lesion here described after 
venous obstruction, which has been seen on 
one occasion centered at the macula, bears 
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a striking resemblance to the circinate lesion 
of Leber’s disease and Reese's telangiec- 
tasis. In my experience, it is exactly like 
the circinate lesion of diabetes. Excluding 
Leber’s disease, which was based on the 
personal observation of only two cases, 
these diseases have all been shown to be 
intimately associated with obstruction of the 
venous vascular unit (capillaries or veins). 

Furthermore, if the circinate lesion here 
described after venous obstruction occurred 
at the macula and had a heavier overlying 
central fibrosis obscuring the microaneu- 


rysms it would fit almost exactly the 


Fig. 8 —Drawing. 
Woman, age 66. Diabetes 
mellitus for 20 years. 
Diabetic retinopathy 
O.S., showing multiple 
circinate exudates at the 
posterior pole. Some sur- 
round the aneurysms; 
one, a patch of rete 
retinitis proliferans, and 
one, rete proliferans join- 
ing a fibrotic type of pro- 
liferation coming from an 
obstructed area of the 
superior temporal vein. 
Note halo sheathing be- 
yond vein obstruction. 
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original description of Fuchs’ circinate reti- 
nopathy.?? 

While I do not intend to imply that all 
these diverse conditions have the same eti- 
ology, the inference is strong that early in 
the disease process all have capillary and 
venular obstruction. It is this latter phe- 
nomenon that makes them appear so similar 
clinically. 

The propensity for macular fibrosis and 
the typical circinate lesion following retinal 
venous obstruction have both been described. 
No microscopic study of the macular fibro- 
sis has been made, but Loewenstein and 
Garrow ** described and studied in section 
such a circinate lesion. Theirs was a case 
of chronic glaucoma in which a classic 
circinate lesion appeared, just below the 
disc, shortly before enucleation. Although 
ophthalmoscopic examination had been made 
frequently during the 10 years preceding 
the appearance of the circinate retinal le- 
sion, the classic retinal picture of central 
vein “thrombosis” had not been noted. In- 
deed, no antecedent retinal hemorrhage had 
been seen. the lesion 
showed central aneurysms; ectatic, obliter- 
ated, and dilated vascular channels; a lipid 
circle of exudate, and a delicate preretinal 
fibrosis containing a few thin-walled vas- 
cular channels. Ballantyne’s® study of the 
dise and optic nerve area of this same eye 
revealed central retinal vein obstruction due 
to endothelial proliferation and collateral 
vascular channels about the obstruction. 

Verhoeff ** and Salzmann*® both have 
demonstrated complete central vein obstruc- 
tion in eyes enucleated for glaucoma in 
which the classic fundus picture of central 
vein “thrombosis” had not been seen. Salz- 
mann * demonstrated microscopically pre- 
papillary proliferation 
containing dilated capillary 
blood vessels in some of these eyes. He felt 
that this proliferative response was in no 
way dependent on antecedent hemorrhage. 
Ballantyne ** showed microscopically a simi- 


Microscopically 


tissue 
new-formed 


connective 


lar vascular and fibrotic preretinal prolifera- 
tion in his diabetic rete retinitis proliferans, 
and Ashton and Cook *! described a similar 


Wise 


retinal response in early experimental retro- 
lental fibroplasia. Both authors felt that 
this proliferation was in no way dependent 
on antecedent hemorrhage. Both of these 
latter diseases have been shown to be inti- 
mately associated with obstruction of the 
venous vascular unit." 

It seems clear that venous obstruction can 
occur without showing at any stage the 
classic picture of venous “thrombosis.” Such 
obstructions probably develop slowly over 
months or years and are attended with 
varying degrees of collateral formation. It 
seems equally clear that under such circum- 
stances aneurysm formation, preretinal fi- 
brosis, and neovascularization are common 
sequellae and that they are not dependent 
on antecedent hemorrhage etiologically. 


Report of Cases 


I should like to present here two cases, 
each followed for a number of years. The 
first showed a typical circinate lesion cen- 
tered at the macula, and the second, a 
fibrotic macular lesion with retinal folds. 
Both in the beginning showed no other 
fundus pathology. Both have more recently 
begun to show signs of obstruction of the 
central retinal vein. In neither case has 
there ever been the classic appearance of 
central retinal vein “thrombosis.”’ 

Case 1.—A 72-year-old woman was first 
seen in March, 1952. Her last change of 
glasses had been made eight years previ- 
ously, and her major complaint was diffi- 
culty in reading with her present glasses. 
Her general health was excellent. 

Examination revealed a corrected vision 
of 20/70 O, D. and 20/15 O. S. The poor 
vision in the right eye was completely un- 
suspected by the patient. There was a group 
of “diabetic type’ exudates intermingled 
with a group of microaneurysms at the 
right macula. Both fundi were otherwise 
normal. 


General examination revealed nothing of 


significance. Blood pressure, urine exam- 
ination, and fasting blood sugar were nor- 
mal. Diabetes was excluded. The original 
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Fig. 9 (Case 1).—Cir- 
cinate figure at macula 
with central aneurysms 
(aneurysms retouched). 


diagnosis of early diabetic retinopathy was 
therefore disproved. 

Reexamination two months later revealed 
a somewhat circinate distribution of the 
exudates, and a diagnosis of circinate reti- 
nopathy was made. Two competent con- 
sultants agreed with this diagnosis (Fig. 9). 

In November, 1953, one of the larger 
exudates developed cholesterin crystals. 
There was little other change in the macular 
lesion and no change in the corrected vision. 
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In January, 1954, a suggestion of neo- 


vascularization was noted just at the lower 


border of the exudate ring. 


In September, 1955, the exudates ap- 
peared fewer in number and size and some 
of the aneurysms showed _hyalinization. 
Suddenly, the similarity of this lesion and 
Reese’s capillary hemangioma ** was recog- 
nized. Plans were made to present the 
patient at a meeting of the New York Oph- 
thalmological Society. The patient was un- 


Fig. 10 (Case 
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1).— 
Same lesion four years 
later. Note formation of 
the second ring, dilatation 
and irregularity of veins. 
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able to attend one of these meetings until 
February, 1956. Just prior to this I saw 
my first three patients with classic circinate 
rings following uncomplicated venous ob- 
struction. The similarity of these lesions 
to those exhibited by the patient here re- 
ported was striking. She was therefore 
reexamined before presentation at the Feb- 
ruary meeting. 

At this examination, in 1956, the macular 
area showed two central rings of deep 
yellowish-white exudates. There were cen- 
tral microaneurysms in each ring (Fig. 10). 
Some aneurysms were yellowish-white in 
part, showing hyalinization. A faint grayish 
whiteness discolored the central aneurysmal 
area. The veins, which had up to this time 
been considered normal, were definitely dark 
and dilated when compared with those of 
the normal fellow eye. There was faint 
white halo type of sheathing of some venous 
segments—most marked along one small 
vein draining the area of the lesion and 
coursing directly to the disc. Mild arterio- 
venous nicking was present, and the proxi- 
mal part of the superior temporal vein was 
irregular and slightly beaded in a segment 
several disc diameters long. This zone lay 
between the disc and the top of the venous 
arch above the macula. 

All of these venous changes suggested 
venous obstruction. Of those expressing an 
opinion at this meeting, three agreed that 
this case might well be one of venous ob- 
struction. One other opinion favored circi- 
nate retinopathy. 

When the patient was last seen, in No- 
vember, 1956, the venous obstructive signs 
in this eye had increased still further. Defi- 
nite halo sheathing of the superior and in- 


ferior temporal veins was present in places, 


and retinal edema was visible near the disc 
just below the superior temporal vein. A 
small artery crossing a part of both circinate 
rings showed a motheaten sclerosis in this 
zone only. The corrected vision had dropped 
only slightly, to 20/70—2, in the three years 
and nine months of observation. 

Thus, this patient passed through suc- 
ceeding diagnoses of diabetic retinopathy, 
Wise 


circinate retinopathy, Reese's capillary 
telangiectasis, and, finally, circinate ring 
following venous obstruction. Only when 
suspected in later observations were the 
early signs of venous obstruction noticed. 
The latter have become even more apparent 
subsequently. 

Case 2.—A 61-year-old woman was first 
seen in April, 1950. In January, 1947, on 
examination at the Massachusetts General 
Hospital, her last previously recorded vision 
had been 20/20 in each eye. In April, 1950, 
she complained of slowly progressive pain- 
less loss of vision in the right eye, develop- 
ing since early 1949. Her general health 
was excellent. Examination revealed a cor- 
rected vision of 20/70 O. D. and 20/15 
O. S. The only pathological finding in 
either eye was a slightly raised dark lesion 
at the right macula (Fig. 11). There was 
neovascularization on it, and retinal folds 
radiated from it. The peripheral field was 
normal, but there was a 5-degree paracentral 
scotoma with 2:1000 white test object just 
nasal to the fixation point. A larger central 
scotoma with 1:1000 white test object in- 
cluded the fixation point. There were no 
hemorrhages or exudates. Two competent 
consultants agreed that the lesion was not 
tumor. 

In November, 1950, the lesion had flat- 
tened above but was still raised just below 
the macula. A few white exudates had col- 
lected in the flattened area. 

For the next nine months of periodic 
observation the lesion showed no change 
and the corrected vision remained at 20/70. 
A diagnosis of atypical disciform macular 
degeneration was made, 

In February, 1951, the patient was com- 
pletely studied at the Massachusetts General 
Hospital. A photostat of her record, fur- 
nished by the hospital authorities, revealed 
her general examination to be noncontribu- 
tory and her blood pressure, normal. The 
eye findings were as described above. She 
was shown at a clinical conference of the 
Massachusetts Eye and Ear Hospital. The 
conference concluded that the lesion was 
probably the result of a preretinal hemor- 
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Fig. 11 
Fibrotic 
with 
dark 
veins, 


(Case 2).— 
macular lesion 
retinal folds. Note 

dilated irregular 


rhage due to some vascular disturbance, 
which sequence left retraction lines in the 
vitreous pulling the macular area into folds. 
The patient’s acute awareness of the date 
of the onset of her disability, her sureness 
of its slowly progressive nature, and the 
position of the lesion at the macula almost 
certainly excluded a preretinal hemorrhage 
as the initial insult in this sequence. In 
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my experience premacular hemorrhages 
have always been immediately appreciated 
by the patient as sudden marked loss of 
vision. 


In September, 1953, when the patient was 


next seen at the Massachusetts General 
Hospital, the macular lesion appeared un- 
changed except for numerous small hemor- 
rhages in the area, 


Fig. 12 (Case 
Same patient five years 
later. Note increasing 
fibrosis and retinal folds. 


2).— 
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In March, 1955, when I next saw the 
patient, the corrected vision of the involved 
eye was 20/200. There was increased gray- 
ish fibrosis centrally, and the macular retinal 
folds were more obvious and more numer- 
ous (Fig. 12). No hemorrhages were seen. 
The other eye was still normal. 

In April, 1956, attention was first called 
to the generalized venous changes in the 
involved eye. The veins were definitely 
dark, tortuous, and dilated. There was occa- 
sional white halo sheathing in some venous 
segments. Sporadic microaneurysms were 
visible in the distribution of the superior 
temporal vein. There were neovasculariza- 
tion and aneurysm formation with increased 
fibrosis at the macula. With the retinal slit 
lamp, fibrous bands and traction lines were 
placed both intra- and preretinally. The 
left eye was still normal, with 20/15 vision. 
Comparison of the normal veins of this eye 
with the dark dilated ones of the involved 
fellow eye was striking. 

A general medical reevaluation of this 
patient in June, 1956, at the medical clinic 
of the Massachusetts General Hospital was 
without significant findings. 

Thus, over the course of the years, this 
woman slowly developed a progressive pre- 
macular fibrosis with retinal microaneu- 
rysms, neovascularization, and folds. Only 
in the latter stages of this disease did signs 
of venous obstruction become apparent. 
Once observed, these signs have become 
progressively more marked. 

Evidence has accumulated that central 
retinal vein obstruction may occur in the 
absence of what was universally considered 
to be the classic fundus picture of this 
disease. Just why preretinal fibrosis and 
retinal folds occur in one instance and 
circinate exudates about a cluster of retinal 
microaneurysms in another is not at present 
clear. These lesions are not so far apart, 
though, as one might assume at first thought. 

have preretinal fibrosis, neovasculari- 
zation, and aneurysms. The heavy fibrosis 
of one tends to dominate the clinical picture, 
while the colorful ring of exudates and 
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lighter fibrosis of the other permits a better 
clinical visualization of the aneurysms. 

From the meager data at hand it appears 
that the fibrotic retinal fold lesion is more 
indolent and slowly developing, with small 
aneurysms, while the circinate lesion is 
more rapidly developing ** and is associated 
with larger microaneurysms. 

In a masterful presentation, Michaelson *” 
showed that all retinal capillaries develop 
embryologically entirely from veins. He 
felt, therefore, that veins and capillaries 
should be considered as one vascular unit. 
He proposed that retinal vascular develop- 
ment occurred in response to some unknown 
tissue factor present in areas of relative 
retinal anoxia. In the course of capillary bed 
development nearby arteries, with their 
higher-oxygen environment, had in- 
hibitory influence on the production of this 
unknown tissue factor and, thus, an inhibi- 
tory influence on capillary extension in their 
vicinity. At term, retinal vascularization 
became complete, a state of equilibrium 
was reached, and further vascular formation 
ceased. Finally, Michaelson stated that the 
capacity of veins and capillaries to form 
new vessels did not disappear at birth, but 
simply lay dormant. 

In a previous article '' I proposed that a 
proper degree of capillary or vein obstruc- 
tion was the trigger by which this dormant 
mechanism of Michaelson’s was reawak- 
ened. Following sufficient obstruction, cir- 
culatory stagnation and a state of relative 
retinal anoxia beyond the obstruction en- 
sued. Under these conditions, the embryo- 
logic vasostimulating factor of Michaelson 
was reactivated. Disordered neovasculariza- 
tion and aneurysm formation thereby. re- 
sulted from the irregularly dispersed 
stimulus. Evidence was also presented that 
so-called retinal microaneurysms were 
actually aborted neovascular buds develop- 
ing in response to this same stimulus. ,, 

In the two case examples, | have shown 
a macular predilection for fibrosis, neo- 
vascularization, and aneurysms—all a com- 
posite of new blood vessel development. 
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Why, then, in slowly developing, clinically 
nonapparent, central vein obstruction, 
should the macular area often be selectively 
involved so much earlier than other retinal 
regions ? 

Before an answer is suggested, it is well 
to remember that the retina has one of the 
highest rates of metabolism of any body 
tissue. This rate is even comparable to that 
of some tumors.***® Thus, it should de- 
mand an excellent blood supply and would 
be expected to be sensitive to alteration of 
its available oxygen. 

While it is entirely unproved, it seems 
plausible to believe that the macular area 
might well have a greater need for oxygen 
than other parts of the retina. If this were 
true, it could well explain the early selectiv- 
ity of the macular area in such cases. A 
generalized depression of retinal oxygena- 
tion would first reach critical levels in the 
macular zone. Thus, in cases of slowly 
developing central vein obstruction visible 
lesions would first appear centrally. 


In the cases of venous “thrombosis” com- 
prising this study, certain excessive or 
specific macular reactions were noted, in- 
cluding (1) severest edema, (2) most 
residual pathology, (3) often heaviest neo- 
vascularization and aneurysm formation, 
(4) greatest propensity for retinal and pre- 
retinal fibrosis, and (5) only zone to show 
pigment proliferation, These facts would 
tend to indicate a special sensitivity of this 
central area to relative widespread oxygen 
deficiency. 

Finally, in spite of the avascular fovea, 
the overlapping retinal capillary network 
and thickened choriocapillaris make the 
macula probably the most heavily vascular- 
ized retinal region. This would, in turn, 
indicate a higher oxygen need. 

Much of this is, of course, unproved, but 
clinical and microscopic evidence is ac- 
cumulating to lend weight to these views. 
Certainly more emphasis must be placed 
on venous retinal diseases, and specific study 
for the presence of venous obstruction in 
such cases should be obligatory. 


556 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


Dr. Du Pont Guerry called my attention to Dr. 
H. Kleinert’s article bearing on the subject. Drs. 
Albert Graemiger and Jaras Shegedyn aided in 
making the translations; Mrs. Alan Grover pro- 
vided the retouched photographs and drawings; Mr. 
Walter S. Lentschner made the photographs, and 
Mrs. Joyce Rolls gave technical, library, and 
clerical help. 
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Case Reports 


Extraction 


Several recent articles have caused in- 
creasing apprehension about the role of 
fungi in ocular disease.’:?"* Because of this 
renewed interest in fungus infections of the 
eye and because every small fragment adds 
to the total of our knowledge, the following 
case is reported. 


Report of Case 


History.—A 71-year-old white man was 
first examined on Aug. 17, 1953, because of 
decreased visual acuity. His vision at this 
time was 20/50 in the right eye and 20/40 
in the left eye with the best possible correc- 
tion. A mild conjunctivitis was present 
which the patient stated that he had had for 
many years; despite treatment it never had 
cleared up entirely. The lenses showed 
moderately advanced posterior subcapsular 
opacities. Visual acuity gradually decreased 
in both eyes, and one month before surgery 
was contemplated 0.25% zine sulfate eye 
drops were used, with varying effect on the 
patient’s mild conjunctivitis, 

The patient was admitted to the hospital 
after a thorough physical examination had 
been done by his family physician. A com- 
bined intracapsular lens extraction with 
complete iridectomy was done. The post- 
operative course in the hospital was unevent- 
ful. Three days postoperatively, cortisone 
eye drops four times a day and 0.25% zine 
sulfate eye drops three times a day were 
started. The patient was discharged on the 

Received for publication March 4, 1957. 


From the Department of Ophthalmology, The 
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seventh day following operation, being given 
cortisone eye drops four times daily, 0.25% 
zinc sulfate drops three times daily, and 
atropine ointment once a day. The sutures 
were removed in two weeks, and at that time 
the eye showed minimal conjunctival reac- 
tion and clear cornea and media. 

One month following surgery the eye be- 
came painful and injected. On_ slit-lamp 
examination an aqueous flare was noted. 
Prednisone (Meticorten), 5 mg. every six 
hours; chloramphenicol (Chloromycetin), 
250 mg. every six hours, and cortisone and 
atropine drops locally were used. In five 
days the eye was again clear. At that time 
with +11.00 lens the patient’s vision was 
20/30. The prednisone and chloramphenicol 
were stopped, but cortisone and atropine 
were continued locally. 

Nine weeks postoperatively the redness 
recurred, The patient was hospitalized and 
use of prednisone and chloramphenicol was 
resumed, Fine keratitic precipitates and a 
small yellow-white mass were noted on the 
corneal endothelium between 11:30 and 1:00 
o'clock. There was marked injection and a 
3+ aqueous flare. The media were hazy. A 
uveitis survey was completely negative, and, 
in spite of intensive steroid and antibiotic 
therapy, the course was downhill. The diag- 
nosis at that time was keratitis, iridocyclitis, 
and possibly epithelial downgrowth. Be- 
cause of uncontrolled pain, the eye was 
enucleated four months after operation. Sub- 
sequently, lens extraction was done on the 
right eye, with excellent results, 
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surface of the iris. 


Pathological Examination.—Gross_  De- 
scription: The specimen consisted of an eye 
measuring 252325 mm. There was a 
hypopyon, and Descemet’s membrane was 
wrinkled. At 12 o'clock there was a 
white plaque on the posterior surface of the 
cornea which extended from 10 to 1 o'clock. 
From that area, gray-white strands extended 
down to the hypopyon and to the lower edge 
of the pupil. The eye was opened in the 
vertical plane. The lens was absent, and 
large nodules of exudate were noted on the 
surface of the ciliary body and the posterior 
surface of the iris. [Fluffy white material 

‘as scattered through the anterior vitreous. 

Histologic Examination: The globe was 
embedded in pyroxylin, and sections were 
prepared with hematoxylin and eosin, Gram 
stain, periodic acid-Schiff stain, and 
Gridley’s stain for fungi. 

There was marked engorgement of the 
limbal vessels and infiltration in this area 
with chronic inflammatory cells. Lympho- 
cytes lined the tract of the operative wound 
and just in from the incision was a dense 
posterior corneal abscess (Vig. 1). Here 
Descemet’s membrane was broken. The 
deeper layers of the corneal stroma were 
infiltrated with polymorphonuclear leuko- 
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Fig. 1—Low-power photomicrograph, showing an abscess in the cornea and posterior 


cytes and lymphocytes. In the abscess proper 
there was considerable necrosis of the in- 
flammatory exudate, which was made up of 
polymorphonuclear cells, lymphocytes, and 
an occasional giant cell. Only the root of the 
iris remained on this side of the section. In 
the anterior chamber opposite the corneal 
incision there was a hypopyon. There were 
red blood cells in Schlemm’s canal, and the 
trabecular spaces were filled with inflam- 
matory cells, but the angle was opened. 
While the acute inflammatory exudate 
filled much of the anterior and posterior 
chambers, it was very dense, forming an- 
other abscess, over the posterior surface of 
the iris opposite the site of the iridectomy 
(Vig. 1). Here there were numerous giant 
cells. Much of the iris had been destroyed, 
and there was marked capillary proliferation 
from the iris stroma to the abscess. The 
ciliary processes were pulled forward by a 
beginning inflammatory membrane across 
the pupil. The lens was absent. Where the 
exudate was most dense, irregular fila- 
mentous organisms could be vaguely seen 
in hematoxylin and eosin preparations, but 
with periodic acid-Schiff stain and Gridley’s 
stain these organisms could definitely be 
made out as fungi (Fig. 2). They consisted 
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of cylindric structures about 4p in diameter 
but varying in length markedly. Branching 
was dichotomous and always in the form of 
a Y. The hyphae terminated abruptly but 
sometimes had bullous endings. They were 
Gram-positive. The Gram-positive material 
was not evenly distributed in the mycelia 
and tended to give the fungus a beaded ap- 
pearance. Islands of inflammatory cells 
throughout the anterior vitreous frequently 
contained fungi. A few lymphocytes had in- 
filtrated the ciliary body, but there was no 
evidence of inflammation of the choroid. 
Bruch’s membrane took a basophilic stain. 
The retinal vessels were cuffed with lympho- 
cytes, and there was edema of the optic 
nerve head. 

Diagnosis.—Acute endophthalmitis due to 
fungi; hypopyon; aphakia; healed corneal 
wound of cataract operation; papilledema. 


Comment 


This case has several interesting aspects. 
It is one of the few cases of postoperative 
intraocular fungus infections reported.*® 
The organism was probably introduced with 
the capsule forceps, as shown by the location 
of the abscesses, 1. e., at the incision and the 
opposite leaf of the iris. In this patient, as 
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Fig. 2.—High-power photomicrograph, showing organisms. 
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in many of the cases of fungus infection of 
the eye reported lately, intensive antibiotic 
and steroid therapy was used. While it is 
impossible to identify positively the fungus 
in histologic section, it looks very much like 
the fungus in the case of endogenous intra- 
ocular fungus infection reported by Cogan.® 
He considered the organism to be Asper- 
gillus. In this eye the fungi were not readily 
seen in hematoxylin and eosin preparation, 
as they were in his case, and the excrescences 
he described were not present. Sections were 
presented to the Armed Forces Institute of 
Pathology, and it was felt that the morphol- 
ogy of the fungus was consistent with a 
species of Candida. If one studies the Gram- 
stained sections, the beaded appearance of 
the fungus does make one think of Candida 
albicans. Dr. Norman F, Conant * thought 
that the fungus hyphae seen in section re- 
sembled those seen in tissues invaded by 
Cladosporium (Hormodenrum). He pointed 
out that a few cases of brain abscess have 
been reported where this fungus, ordinarily 
a saprophyte, was the causative agent. 
Because of the long latent period of one 
month between the operation and the in- 


flammatory signs, one might suppose that 


* Personal communication to the authors. 
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the infection was an isolated incident. How- 
ever, the distribution of the abscesses 


certainly ties the infection and operation 
together. Furthermore, pathologic fungi are 
notoriously long in growing out in culture. 


Summary 


A case of intraocular fungus infection 
following cataract extraction is presented 
with histologic findings. While positive 
identification of the fungus is impossible in 
sections, the likely possibilities would seem 
to be Aspergillus, Candida, or Cladosporium, 

Dr. Norman F. Conant and Dr. Lorenz Zimmer- 
man reviewed the histological sections. 


Department of Ophthalmology, The Ohio State 
University (10). 
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Cornea 


Maurie! found in electron microscopic 
studies that the cornea consists of collagen 
fibrils running parallel to one another, They 
exhibit textural birefrigerence determined 
by the percentage of collagen in the tissue 
and its hydration. Refractive index of 
fibrils is 1.47; of interstitial fluid, 1.34. 
Hydration does not alter when the cornea 
decreases its thickness by drying or swells. 

Jakus ? carried out an exhaustive electron 
microscopic study of the Descemet mem- 
brane of frog, turtle, chick embryo, chick, 
capon, mouse, rat, calf, steer, and human. 
The entire corneas were fixed in 1% to 2% 
OsO, at pH 4.2 for adult and at pH 8.0 
for embryonic tissue and were dehydrated 
in ethyl or methyl alcohol. Transverse and 
tangential sections of the cornea were made. 
The embedding medium was 10% to 15% 
methacrylate and N-butyl methacrylate. 
Isolated Descemet’s membranes were treated 
in the same way. To increase contrast, tissue 
was extracted before fixation with citrate 
buffer at pH 4.8 or digested with 0.01% 
trypsin solutions. This was followed by 
treatment with 0.1% to 0.2% phospho- 
tungsic acid during dehydration. Descemet’s 
membrane has been found to be character- 
ized by a structure of great regularity. 
Tangential sections showed the membrane 
to consist of a series of two-dimensional 
grids, each consisting of nodes about 270 A. 
in diameter and connecting internodal fila- 
ments. The distance between nodes varied 
between 600 and 1500 A., with an average 
; Received for publication July 1, 1957. 
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of 1070 A. This structure appeared on 
transversal sections as cross striation with 
narrow dark bands separated by wide light 
bands, traversed by fine filaments. Two other 
components of apparently minor significance 
were observed ; one was in the form of stray 
fibrils which seemed to run into and out of 
the sections, with a distinct cross striation 
which resembled that of collagen. The other 
component was amorphous. In tangential 
sections these fine filaments were sometimes 
arranged in spider-web fashion between the 
internodal filaments. The author also re- 
ports unpublished findings by Rouguie and 
Bear, who examined the x-ray refraction of 
Descemet’s membranes. Keflections cor- 
responding to spacing of 2.80 A. (merid- 
ional) and 11.5 A. (equatorial), plus a 
diffuse halo at 4 to 5 A., were found as an 
indication of the presence of an appreciable 
proportion of collagenous fibrous proteins. 
The author stresses the fact that the perio- 
dicity of 1070 A. is double that found with 
identical treatment in collagen from frag- 
mented corneal stroma and discusses two 
different possibilities to explain this phe- 
nomenon, as well other 
Descemet’s membrane. 


details of 


Francois and Rabaey* developed a new 
procedure for the metachromatic staining 
of the mucoid of the cornea which, accord- 
ing to the authors, under strictly standard- 
ized conditions of pH, concentration of the 
dye, and time of incubation of the tissue 
sections, permits quantitative estimation and 
localization of the mucoid in corneal stroma. 
The most appropriate dye was found to be 
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methylene blue at a concentration of 16 
mg/100 ce. at a pH of 4.7. Under these 
conditions, the mucoid dyes maximally while 
the coloration of the collagen fibers is 
negligible. ormol-fixed corneas and scleras 
of beef were dyed with and without pretreat- 
ment with hyaluronidase (Rondase Evans 
3 mg/l cc). The incubation with hyaluroni- 
dase strongly increased the extractability of 
the mucoid in both tissues, more, however, 
in the sclera than in the cornea. This is 
explained as due to differences in the local- 
ization of the mucoid. The removal of the 
mucoid by hyaluronidase was significant only 
at high concentrations of the enzyme, and 
aqueous humor was without effect. The 
removal of the mucoid, however, surpris- 
ingly, did not affect the PAS stain of the 
cornea. With this technique the authors have 
shown that the vascularization of the cornea, 
after intracameral injection of alloxan or 
intercorneal injection of turpentine, takes 
place by infiltration of the anterior layers of 
the cornea, in which the concentration of the 
mucoid became strongly reduced by swelling. 
They believe, therefore, that agents in- 
fluencing the vascularization in the positive 
or negative sense do that by influencing the 
swelling of the corneal stroma. Cortisone, 
however, which according to Ashton, Cook, 
and Langham inhibits the swelling of the 
cornea after alloxan injections in vivo had 
no such effect on rabbit corneas in vitro. 
Nor did the aqueous humor of animals which 
received subconjunctival injections of corti- 
sone significantly affect the cornea swelling 
in vitro, The latter, however, was strongly 
inhibited by 5% serum albumin solutions. 

Guzzinati and Salvi‘ studied the be- 
havior of Alcian 8GN (a dye of the 
phthalocyanine group) on corneal tissue. 
They compared human and animal corneas, 
using Alcian 8GN and the usual reagents for 
acid mucopolysaccharides in tissues (tolui- 
dine blue and periodic acid). Alcian 8GN 
proved to be an orthochromatic dye selective 
for mucopolysaccharides, sensitive, and 
simple to use, 

Francois and Rabaey reported some new 
data on the proteins of the corneal epithelium 
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separated by paper electrophoresis according 
to Grassmann and Henning. The electro- 
phoretic studies were carried out at a pH 
varying from 4.5 to 8.6, and particular atten- 
tion was paid to a fraction designated by the 
authors on the basis of mobility as Fraction 
3, which represents 9% of the total protein 
and shows an intensive PAS reaction. The 
stain was not affected by previous elution 
with ether, ethanol, or chloroform. The 
fraction shows no metachromasia after 
staining with toluidine blue. It is, therefore, 
regarded as a glycoprotein or mucoprotein. 
The PAS reaction was also observed in the 
corneal epithelium in situ, where it appears 
in granular form. In addition to the corneal 
epithelium of beef, that of hog and human 
were also investigated. Here, however, the 
separation of individual protein fractions 
was not so marked as in beef cornea, The 
paper electrophoresis of the conjunctiva 
epithelium yielded only one protein fraction. 

Guidry and co-workers ® determined the 
composition of the soluble proteins of the 
whole cornea by ultracentrifugation, Corneas 
of swine, cattle, New Zealand white rabbits, 
and mongrel rabbits were washed with 1% 
saline and either immediately extracted or 
frozen before extraction. The extraction 
was carried out by mincing 25 gm. of tissue 
with 100 ml. of phosphate buffer (pH not 
given) for 15 minutes at 10 C in an Eskimo 
blender and separation of the extract by five 
minutes’ centrifugation at 110,000 g. The 
proteins in the extract were concentrated 
either by centrifugation at 173,400 g or by 
precipitation with saturated ammonium sul- 
fate, dialysis, and redissolution of the pre- 
cipitate. The sedimentation constants of the 
protein were measured in an analytical ultra- 
centrifuge, at 201,320 g at 24 to 25 C. The 
constants were not corrected for standard 
conditions as far as viscosity, temperature, 
and protein concentrations are concerned, 
Three fractions were found in the New 
Zealand white rabbits and cattle; four, in the 
swine cornea, and only two, in the mongrel 
rabbits. Various species differed considerably 
in the sedimentation constants of some of the 
fractions. The relative concentrations of the 
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three fractions from corneas of New Zealand 
white rabbits concentrated by the ammonium 
sulfate precipitation were 54%, 21%, and 
26%, respectively. Neither the method of 
concentration nor freezing had a significant 
effect on the sedimentation constants or 
distribution of the fractions. It should be 
noted that these data, obtained by sedimenta- 
tion, differ from those obtained by paper 
electrophoresis by Frangois and Rabaey 
(Bull. Soc, belge opht. 108:641, 1955) and 
Miinich and Oswald (von Graefes Arch. 
O phth. 155:547, 1955) (who found in the 
corneal epithelium alone four different frac- 
tions), although this sedimentation study 
was carried out on extracts which possibly 
contained mucoproteins from the corneal 
stroma, 

Kobayashi? found, by electrophoresis of 
water-soluble corneal proteins in barbital 
(Veronal) buffer at pH 8.6, seven fractions, 
namely: albumin, f-globulin, 
y-globulin, and three fractions not present 
in blood serum. These results seem incon- 
sistant with those of other investigators. 

Heald and Langham* demonstrated di- 
rectly that sufficient amounts of oxygen 
cannot be supplied to the corneal epithelium 
by diffusion from the aqueous alone, This 
was done by determining the diffusion con- 
stant of the cornea for oxygen in both direc- 
tions, with a special apparatus which is 
described in detail. The concentration of 
oxygen in the aqueous was measured by the 
polorographic method previously described 
by the authors, The diffusion constant is de- 
fined as the volume of oxygen in milliliters 
passing through 1 sq. cm. of a corneal tissue 
ln in diameter at a pressure gradient of 
1 atmosphere. This coefficient was found at 
4 C to be 0,018+0.0013. Removal of the 
epithelium and endothelium did not signif- 
icantly change the coefficient, At 37.5 C the 
coefficient of the stroma was found to be 
0.031+-0.0015. These coefficients are ap- 
preciably below those found by Krogh for 
connective tissue and muscle. On the basis 
of this diffusion coefficient the authors cal- 
culate that the amount of oxygen diffusing 
from the aqueous to the epithelium repre- 
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sents only 1/40 of the amount used by the 
epithelium. This calculation is valid only at 
the normal oxygen tension in the aqueous, 
which the authors determined to 45 mm. Hg 
on the average. When the animal was 
breathing pure oxygen instead of air, the 
oxygen tension in the aqueous increased to 
between 210 and 260 mm. Hg, when the 
concentration in the plasma was 450 to 630 
mm, Hg. This great difference between the 
oxygen tension in the aqueous and in blood 
plasma the authors ascribe to a rapid elimina- 
tion of oxygen from the blood in the capil- 
laries of the ciliary body, as consumption of 
oxygen by the lens per minute was found 
to be only about 3% of the oxygen present 
in the aqueous. They point out that the dif- 
ference of oxygen tension between the aque- 
ous and plasma in the air as well as in pure 
oxygen atmosphere corresponds to an identi- 
cal loss of oxygen in the capillaries of the 
ciliary body. 

Langham and Taylor® investigated the 
effect of anoxia and several inhibitors of 
metabolic processes on the hydration of the 
cornea in vitro as well as in vivo. The pur- 
pose of these experiments was to, obtain 
further evidence for the metabolic regulation 
of the hydration of the cornea. In vitro 
experiments were carried out on rabbit eyes 
enucleated immediately after death of the 
animal, which were incubated in a Krebs 
phosphate medium, pH 7.4, under various 
conditions. In in vivo experiments with 
metabolic inhibitors, the inhibitor solution, 
in a diluted Krebs saline phosphate medium, 
was dropped on the exposed cornea of the 
anesthetized animal. The hydration of the 
cornea was measured either by direct analy- 
sis or by measuring the thickness of the 
cornea with an apparatus described by Mau- 
rice and Giardini (1951). In addition, 
changes in the sodium and potassium con- 
centration of the cornea were measured by 
flame photometry and respiration of excised 
cornea by the usual Warburg technique. In- 
cubation in vitro in presence of oxygen be- 
tween 25 and 37.5 C led to a new steady state 
of hydration, in which at 25 C the thickness 
of the cornea went up only to 15% above 
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its initial value. At 15 C and below, on the 
other hand, the cornea continued to increase 
in thickness over the whole experimental 
period. In anaerobiosis at 37.5 C there was 
a latent period of two to three hours in which 
only small changes in thickness took place. 
After that the thickness of the central area 
of the cornea started to increase rapidly, with 
the rate of swelling approaching 13% of 
the initial thickness per hour. This swelling 
was not due to a decreased rate of anaerobic 
glycolysis. The latency period in oxygen is 
consistant with the assumption of Smelser 
and Ozanics (1953) that there is an energy 
reserve in the cornea which may be utilized 
to prevent swelling. The concentration of 
sodium did not change during this swelling, 
which indicates a proportionate net move- 
ment of this ion into the cornea. Of metabolic 
inhibitors, 2, 4-dinitrophenol (DNP) stimu- 
lated at 1X10~-* M the Og uptake and de- 
pressed it at higher concentrations but did 
not affect the rate of anaerobic glycolysis. 
At 1X10-* M DNP did not induce any 
swelling in presence of oxygen, but swelling 
took place at a concentration of 3X 10~* M. 
At 1X10~-? M DNP caused corneal damage 
and loosening of the epithelial layer. The 
extent of swelling caused by DNP in five 
hours was similar to that resulting from lack 
of oxygen, but the swelling was continuous 
and no latency period of two and one-half 
hours was observed with DNP. Dripping of 
a 1X10-* M DNP solution, 1 ml. every 10 
minutes, on the cornea did not induce any 
swelling of the cornea. Iodoacetic acid 
5X 10-* M did not produce any swelling of 
the excised cornea. At 1X 10~-* M a loosen- 
ing of the epithelium of the cornea and 
opacification took place without significant 
swelling. Combined’ instillation of 110-8 
M iodoacetic acid and DNP for three hours 
did not change the thickness of the cornea. 
Acetazolamide (Diamox) at 10~* M had 
no influence on the hydration of the excised 
cornea. Contact lenses did not induce any 
increase in corneal thickness in rabbits dur- 
ing a period of four hours. After 14 hours 
there was an increase of approximately 25% 
in the thickness and weight of the cornea. 
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Nor could any change in the thickness of the 
cornea in vivo be induced by dripping ice- 
cold Krebs phosphate medium on the cornea, 
which caused a drop of the temperature of 
the epithelial surface to 25 C. The authors 
point out the different behavior of the cornea 
under the influence of DNP as compared 
with other animal tissues, in which this com- 
pound inhibits the active transport of ions 
at concentrations at which it does not sig- 
nificantly affect the respiration. In the cornea 
DNP apparently affects the active water 
transport only as far as it affects the rate of 
respiration, This may be due to the fact that 
the direct oxidative pathway of the glucose 
instead of the tricarboxylic cycle predomi- 
nates in the oxidative metabolism of the 
cornea, The surprising resistance of the 
water transport in the cornea in vivo to DNP 
may be due to several factors, namely, the 
intraocular pressure, which may oppose the 
swelling in the stroma; the lesser permea- 
bility to water and electrolytes in the living 
cornea, which decreases the requirement for 
the active transport in vivo, and, finally, an 
effect of the circulation of the aqueous humor 
in vivo which facilitates the secretory mech- 
anism regulating corneal hydration. The 
authors point out that their results emphasize 
the cardinal role played by the aerobic 
metabolism in corneal hydration by regulat- 
ing the transport of water, Anaerobic gly- 
colysis does not seem to play any role in 
this regulation, as monoiodoacetic acid at 
concentrations which inhibit up to 80% of 
the glycolysis had no effect on the hydration 
of the excised cornea. This regulatory 
mechanism resides within the epithelium and 
the endothelium, as the isolated corneal 
stroma increases its volume at a similar rate 
under anaerobic and aerobic conditions and 
as, after removal of the epithelial layer from 
the cornea of the living animal, the central 
area maintains its degree of swelling even 
after 90% of the corneal area has fully 
recovered its thickness. 

Harris and his co-workers have continued 
their studies on the mechanisms involved 
in hydration of the cornea. In these experi- 
ments the movements of water and of sodium 
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into the cornea and of potassium out of the 
cornea during refrigeration of the enucleated 
eyes were studied, as well as the reversal of 
this process during subsequent incubation at 
37 C. In a first series of experiments ' the 
influence of the intraocular pressure (IOP) 
on these two phenomena was determined. 
The IOP was maintained in rabbit eyes at 
three different levels, namely, 7.5, 25, and 
40 mm, Hg. This was achieved by cannu- 
lating the eyes through the optic nerve with 
a hypodermic needle, communicating with 
the reservoir of a modified glucose-free 
Tyrode solution. The eyes were refrigerated 
in an atmosphere of 95% Oz to 5% COdxs. 
After 40 hours one of the pair of corneas 
was analyzed immediately and the other in- 
cubated for 6 hours at 37 C, The analysis 
was carried out on a central corneal section 
9 mm, in diameter, which was weighed im- 
mediately, dried to constant weight, and dry- 
ashed with a drop of HgSO,4. Na and K 
were determined by flame photometry, Dur- 
ing refrigeration the sodium content was 
found to increase by 55%; the water con- 
tent, by 71%. Incubation at 37 C resulted in 
the excretion of 90% of the sodium and 
water that entered the cornea during refrig- 
eration, The increase in sodium and water 
during refrigeration was influenced by the 
IOP, and the subsequent excretion from the 
cornea varied with the LOP. The increase in 
sodium and water was least marked at the 
lowest pressure, but it was substantially the 
same at 25 and at 40 mm. When the [OP 
was artificially maintained the sodium con- 
centration of the refrigerated eye did not 
decrease but remained substantially as that 
of the fresh tissue and during incubation at 
37 C rose to above normal level. These data 
appear compatible with the assumption, 
previously enunciated by the authors, that 
the cornea actively transports water, The 
authors point out that these results on 
the effect of IOP on the hydration of the 
cornea are in agreement with those expected 
on the basis of the clinical picture in cases 
of increased IOP. They suggest that the 
favorable effect of acetazolamide in reducing 
corneal hydration in persons with endothelial 
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dystrophy can be best explained by the re- 
duction in IOP which this drug induces. 

Harris and Gruber ™ investigated the role 
of epithelium in the regulation of corneal 
hydration. The epithelium was removed 
either by strong detergents (10% sodium 
desoxycholate and benzalkonium [Zephiran] 
chloride in two concentrations) ; by scraping 
with a sharp blade ; with the aid of a thermo- 
phore at 140 F, or by a 2% iodine tincture. 
The application of the strong detergents 
resulted in a strongly increased water and 
cation influx during refrigeration and the 
complete inhibition of the recovery during 
the subsequent incubation at 37 C. The 
authors assume that in this case there was 
severe damage to the endothelium. With only 
0.1% benzalkonium chloride the elimination 
mechanism alone appeared to be effective. 
When the epithelium was totally removed 
mechanically or thermally, the cold-induced 
hydration and cation influx were not affected, 
but there was a decrease in the elimination 
of water and sodium during the subsequent 
incubation when the central part of the cor- 
neal epithelium, corresponding to about 50% 
of the diameter of the cornea, was removed. 
On the other hand, the removal of the 
peripheral part of the cornea, corresponding 
to 50% of the diameter, was as effective as 
total removal of the cornea. This difference 
between the central and peripheral part can- 
not be explained at present. Experiments in 
which the corneal endothelium was damaged 
by inserting a 27-gauge hypodermic needle 
through the limbus and stroking the central 
few millimeters of endothelial surface with 
the edge indicated that the endothelium plays 
the dominant role in the elimination of 
fluid from the cornea. The epithelium also 
influences the elimination of fluid from the 
cornea, but to a minor degree. The fact 
that, again in this experimental series, the 
elimination of sodium during the incubation 
at 37 C lagged behind that of water is ex- 
plained by the authors by an active transport 
of water in the cornea. 

Grant and Kern ™ studied the effect of 
numerous cations on the swelling capacity 
of the cornea and the extractibility of the 
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mucoid of the corneal stroma and made an 
attempt to correlate these effects with the 
toxicity of these cations. They also examined 
the reversibility of changes produced in the 
corneal stroma by these agents. The toxicity 
of metal cations was measured by dropping 
in approximately neutral (pH 5 to 7) 0.1 M 
_ Solution of a salt of each metal on the 
scraped cornea of rabbits for 10 minutes. 
After exposure the degree and type of in- 
jury was measured by periodic examinations 
during several months. Control eyes were 
treated with water or a neutral solution of 
ammonium chloride after removal of the 
epithelium. The experiments on toxicity 
showed that the metals of the first groups of 
the periodic table, with the exception of 
beryllium, caused no permanent damage to 
the cornea. Exposure to beryllium 0.05 M, 
pH 5, caused diffuse gray opacity after a 
latent period of several hours, which finally 
led to necrosis. Elements of the third group 
of the periodic table, particularly lanthanum, 
caused total and permanent opacity of the 
cornea, which led sometimes to partial ne- 
crosis and calcification. The epithelium 
showed a strikingly protective value against 
the toxic elements, Lanthanum did not pro- 
duce opacity in dead corneas, which shows 
that the opacity from metal cations results 
from a derangement of some vital processes. 
In another series of experiments the authors 
determined the ability of the cornea to bind 
certain cations, Excised corneas were im- 
mersed under widely varied conditions into 
appropriate solutions, then pressed out in a 
hydraulic press until nearly anhydrous, and 
assayed chemically for the amount of metal 
bound to the corneal material. Na, K, Ca, 
Ba, Sr, and La were found to be bound in 
approximately equimolar amounts from neu- 
tral 0.02 M solutions. Further chemical 
studies on excised corneas, in which car- 
boxylic groups were blocked by methylation 
or by conversion to carbamide groups, indi- 
cated that the number of molecules bound 
was rather determined by the number of 
anionic groups available than by the nature 
of the cations. The relative roles of the 
collagen and of the mucoprotein of the 
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cornea in the binding of metals were de- 
termined by comparing the binding by puri- 
fied collagen, by whole cornea, and by cornea 
from which some of the mucoproteins had 
been extracted. K and Ca were found to be 
bound predominantly by the mucoprotein ; 
lanthanum, predominantly by collagen. To 
study the relationship between metal bind- 
ing and toxicity, the interaction of cornea 
with mixtures of cations was studied, The 
affinity of a given cation for the corneal 
stroma was expressed as a competition fac- 
tor which was obtained by determining the 
relative binding of a cation as compared with 
that of calcium present in the same solution. 
Toxicity was in many instances roughly 
correlated with the capability of the metals 
to compete for common binding sites in the 
cornea. Beryllium, for instance, presented 
an affinity 6.5 times as high as that of 
calcium, The same was true of most of the 
elements of Group 3. Bivalent manganese 
and cobalt were, however, exceptions, These 
are explained by a special affinity of these 
two elements to special sites. Changes in the 
swelling capacity were determined by meas- 
uring the wet weight at the beginning of the 
experiment, exposing pieces of cattle cornea 
to %» M solutions of metal salts at pH 
5 to 7, and then determining the increase in 
wet weight which occurred when the cornea 
was allowed to swell in water for two or 
more days. The degrees to which various 
metals inhibit the turgescibility of the cornea 
generally paralleled the affinity of binding of 
this metal to the cornea and the capacity to 
cause injury. Again, manganese and cobalt 
were exceptions, The effect on the extracti- 
bility of mucoprotein was determined by 
measuring the decrease in dry weight of the 
cornea after metal exposure and water soak- 
ing. Injurious metals were found to impede 
significantly the extractibility of the muco- 
protein. Bivalent Mn and Co interfered 
neither with corneal turgescence nor with 
the extractibility of the mucoprotein. The 
authors point out that this exceptional be- 
havior of these two elements could be due 
to their oxidation to trivalent cations, which 
may have completely different properties. 
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A series of experiments was also concerned 
with the reversal of the effects of metal 
salts, by soaking the treated corneas either 
in water or in solutions of edathamil 
(EDTA) 0.03 to 0.1 M. The latter chelat- 
ing compound was very effective in most 
cases in reversing the salt effect. In the 
case of beryllium reversal was also obtained 
by sodium sulfosalicylate. The authors dis- 
cuss the possible significance of this finding 
as basis for therapeutic procedures. 
Fukado™ determined the incorporation 
of P** into the cornea in vivo. After in- 
jection of labeled phosphate intravenously 
into rabbits, the maximum was reached after 
one hour. It took five hours for the level in 
the cornea to reach the maximum, and the 
level was about half that in the blood. 
Hiinemohr ™ found significant differences 
between the pH of the corneal epithelium 
and endothelium, on the one hand, and that 
of the stroma, on the other. Colorimetric 
methods were used to estimate the pH of 
these structures, The epithelium and endo- 
thelium were found to have a pH of between 
6.5 and 7. The pH of the stroma varied 
between 8 and 9. After enucleation and 
subsequent storage in a refrigerator at 4 C 
it was found that the pH of the stroma fell 
and the pH of the boundary layers rose. The 
neutral point was usally reached on the 
eighth day. If, however, death was due to 
a long illness, the neutral point was reached 
much more quickly, A series of patients with 
corneal grafts was examined, and it was 
found that the best chance of a good result 
with corneal grafts was in those cases in 
which the donor eves had been obtained from 
patients who had died suddenly. This ex- 
plains reports that eyes from patients dying 
of cancer, tuberculosis, or diabetes should 
not be used jor grafts. The pH gradient 
between epithelium, endothelium, and stroma 
may be related to metabolic processes in the 
cornea essential to its viability. 
Nachimeenovitch investigated the rate 
of penetration of various alkaloids into the 
aqueous through the cornea, Atropine pene- 
trated into the anterior chamber in 8 to 20 
minutes ; scopolamine, in 8 to 10 minutes; 
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1% pilocarpine, in 16 to 20 minutes, and 
2% pilocarpine, in 10 minutes, In dead eyes 
the drugs penetrate only if the cornea is in 
contact with them for eight hours. The 
author suggests that some drugs are trans- 
ferred by the corneal nerves directly to the 
iris and do not pass through the anterior 
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Ballintine and Witzman'* investigated 
aerobic phosphorylation in ciliary processes 
of albino rabbits and pigmented hogs and 
the inhibitory effect on it of certain dyes 
which previously were shown by the authors 
to accumulate in ciliary processes and to 
decrease the flow of aqueous humor. Homog- 
enates of the ciliary processes were pre- 
pared from 10 to 20 mg. of rabbit tissue 
and 50 to 100 mg. of hog tissue. They were 
homogenized in a phosphate buffer Krebs- 
Ringer solution to a 5% to 8% suspension 
of tissue. To obtain a sufficient oxidative 
rate the homogenate was fortified with 0.02 
M succinate and 1.754M adenosine triphos- 
phate (ATP); 0.25yc of was added. 
The solution contained 3.54uM NagHPO, 
and 1.11 10% M MgCl. This mixture was 
incubated during 20 minutes at body temper- 
ature and then deproteinized by trichloroace- 
tic acid (TCA), The incorporation of P*? 
into ATP, adenosine diphosphate (ADP), 
adenosine monophosphate (AMP), and 
inosine monophosphate (IMP) was meas- 
ured, The nucleotides and inorganic P were 
separated by two-solvent paper chromatog- 
raphy according to Egglestone and Hems. 
The spots were developed by perchloric acid 
ammonium molybdate and were extracted, 
and the radioactivity of the spots, as well 
as their P content, was determined. A dye 
designated as No. 863 was added to the 
reaction mixture in some experiments, which 
were carried out under aerobic as well as 
anaerobic conditions. Oxygen uptake was 
also measured by the usual Warburg tech- 
nique. The ciliary processes from pigmented 
hogs differed characteristically from those 
of albino rabbits insofar as the ATP in the 
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first remained constant under aerobic con- 
ditions and decreased only about 20% in 20 
minutes under anaerobic conditions. In al- 
bino processes, on the other hand, there was 
a rapid and almost complete destruction of 
ATP even under aerobic conditions, In both 
cases, however, there was incorporation of 
P*®? into ATP as well as ADP, and almost 
none in AMP. In aerobic experiments the 
specific activity of ATP at its peak was 
three to four times that of ADP, which 
indicates that the activity in ADP is the 
result of the breakdown of ATP, probably 
owing to myokinase activity and, in the case 
of albino rabbits, also of ATPase. The P/O 
ratio calculated from the oxygen uptake, the 
specific activity corrected for the much smal- 
ler incorporation by anaerobic processes, and 
the concentration of ATP in the reaction 
mixture could be calculated to be 0.5 for the 
pigmented and 0.6 for the nonpigmented 
ciliary processes. In the calculation of these 
values the hydrolytic breakdown of ATP was 
not considered. The nearly identical values 
for the two types of ciliary processes appear, 
therefore, somewhat surprising in view of 
the apparently much higher ATPase activity 
of the nonpigmented processes, The dye No. 
863 inhibited the oxygen consumption of the 
albino processes by 60%, but the incorpora- 
tion of P%* into ATP was only 44 of that 
in the mixture without dye and was about the 
same as the incorporation under anaerobic 
conditions. In pigmented ciliary processes 
the specific activity of ATP decreased under 
the influence of the dye to only %o of the 
activity under aerobic and to % of the ac- 
tivity under anaerobic conditions, although 
the concentration of ATP was maintained. 
This indicates that the dye prevents the 
aerobic and anaerobic incorporation and does 
not produce its effect by accelerating the 
hydrolysis of ATP. 

Ridge * investigated the effect of uni- 
lateral ligation of the common carotid artery 
and of acute unilateral preganglionic cervical 
sympathotomy on changes of lactate, chlo- 
ride, bicarbonate, and ascorbate in the an- 
terior and posterior chambers of the rabbit 
eye. The purpose of this investigation was 
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to reconcile the incansistencies between the 
reports of Linner and those of Barany and 
of Davson and Matchett on the effect of the 
carotid occlusion and sympathotomy on the 
rate of flow of aqueous humor. Carotid oc- 
clusion resulted in a significant fall in the 
concentration of lactate of the contralateral 
eye, while sympathotomy had the opposite 
effect. These effects disappeared when the 
animal was saturated with ascorbic acid by 
intraperitoneal injections of a 6% solution 
of sodium ascorbate, The changes in the 
concentration of lactate took place essentially 
in the anterior chamber and not in the 
posterior one. The concentration in the lens 
was unaffected. Carotid occlusion produced a 
homolateral increase in the concentration of 
bicarbonate, and sympathotomy had the re- 
verse effect. Saturation with ascorbate was 
without influence. The ratio between the 
ascorbic acid of the homolateral and contra- 
lateral anterior as well as posterior chamber 
decreased with carotid occlusion and in- 
creased with sympathotomy. The author 
points out that these results are best ex- 
plained by the assumption that occlusion of 
the carotid decreases the diffusion across the 
iris capillary walls while sympathotomy in- 
creases it. This concept explains the finding 
concerning the concentration of lactate as 
well as that of bicarbonate. The greater ease 
with which anions diffuse into the iris ves- 
sels upon carotid occlusion and sympathot- 
omy can be assumed to be primarily due 
either to change in the blood pressure or to 
change in the blood flow, which again would 
influence the rate of diffusion of solutes 
across the capillary walls. The effect of 
saturation of plasma with ascorbate can be 
explained as far as the differences in lactate 
and ascorbate are concerned by influence of 
ascorbic acid on the permeability of the 
capillary endothelium. This cannot explain, 
however, the behavior of the bicarbonate un- 
less one postulates that bicarbonate uses a 
predominantly intracellular route. The au- 
thor points out that the results of the investi- 
gation speak in favor of there being no 
change on the aqueous flow rate after carotid 
ligation or sympathotomy, 
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In further studies on the mechanism of 
the effect of acetazolamide on the aqueous 
flow, Becker and Constant™* determined 
changes in the lactic acid in the anterior and 
posterior aqueous of albino rabbits after ini- 
tial injection of 100 mg. per kilogram of 
acetazolamide followed by 25 mg. per kilo- 
gram intraperitoneally every 30 minutes. 
Lactate was determined by the Barker and 
Summerson method as modified by Kinsey 
in the aqueous and in the blood plasma. Six 
hours after administration of the drug, the 
lactate in the posterior chamber rose by 
8.11.4 mM. per liter above that of the 
plasma; in the anterior chamber, by 
6.2+08 mM. The level of lactate also 
rose in the aqueous in absolute terms 
in spite of its decrease in plasma. 
Twenty minutes after the injection of 
acetazolamide, when no change in plasma 
lactate took place, the lactate in the posterior 
chamber rose from an average initial concen- 
tration of 9.8 mM. per liter to a level of 13 
mM. per liter, These changes in the lactate 
are in agreement with the assumption that 
acetazolamide decreases the rate of flow of 
the aqueous, as the lactate level in the aque- 
ous results from the addition of the lactate 
produced by ocular tissues to that entering 
the aqueous from the plasma. The authors 
calculate the approximate amount of lactic 
acid produced by the lens from the difference 
between its concentration in aqueous and in 
plasma, and they arrive at a value which is in 
agreement with that determined by Merriam 
and Kinsey from in vitro culture experi- 
ments with rabbit lenses. The authors point 
out, however, that the increase in the lactate 
in the posterior chamber after acetazolamide 
is smaller than could be expected from the 
60% to 65% decrease in the rate of aqueous 
flow. They believe, therefore, that the drug 
has a general so far unexplained effect on 
lactate production or utilization in the rab- 
bit. 

Becker investigated the aqueous flow 
by determining the rate at which ascorbate 
rises in the posterior and anterior chamber 
after parenteral administration of sodium 
ascorbate (AA) to rabbits. By applying the 
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linear and exponential analysis to this data, 
he calculated the flow coefficient (Ky) and 
the diffusion constant (Kq) for ascorbate. 
Furthermore, changes of aqueous flow under 
the influence of acetazolamide were deter- 
mined, In normal animals the ascorbic acid 
turnover was studied during 360 minutes, 
and, for the study of the 18- to 24-hour 
period, the animals were nephrectomized. 
Ascorbic acid was titrated with dichloro- 
phenol-indophenol after deproteinization of 
the anterior and posterior aqueous with 
metaphosphoric acid. Sodium ascorbate was 
injected in doses of 50 mg. per kilogram 
intraveneously, followed 15 minutes later by 
20 mg. per kilogram subcutaneously every 
40 minutes to intact and 60 minutes to 
nephrectomized rabbits. This resulted in a 
15 mg. per 100 cc. level of ascorbate during 
the whole interval between 30 and 360 
minutes in normal animals. In nephrecto- 
mized animals the initial injection was 200 
mg. of ascorbate subcutaneously, which led 
to a 20 mg. per 100 cc. level in the plasma. 
Acetazolamide was applied in a single dose 
of 100 mg. per kilogram. The values for Ka 
and Ky obtained by the two methods of 
analysis agreed with each other, and the 
experiments confirmed the lack of change 
in Kg following acetazolamide injection. The 
percental change in the aqueous flow, ac- 
cording to these experiments, was 50% and 
51%, respectively, identical with those values 
obtained from the steady-state studies with 
saturated AA and only slightly lower than 
those obtained by tonography and steady- 
state determinations with bicarbonate. 
Davson and Luck”? investigated the 
steady-state ratio of aqueous humor to 
plasma and of cerebrospinal fluid to plasma 
in various species in order to establish whe- 
ther there is an inverse relation between 
ratios for bicarbonate and those for chloride. 
Goat, dog, monkey, cat, rabbit, guinea pig, 
and rat were investigated. The total COs 
concentrations were determined by the mi- 
crodiffusion method of Convey (1950), as 
these concentrations were found to be equiv- 
alent to the ratios of bicarbonate concen- 
trations. The bicarbonate concentrations 
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were correlated with the rate of flow 
in various species, the latter being de- 
termined from the rate constant of turn- 
over of Na** injected intraperitoneally into 
unanesthesized animals. A rough correlation 
was found between the distribution of bi- 
carbonate between aqueous humor and blood 
plasma and the size of the eye of the species. 
An exception was found in rat, monkey, and 
man, This correlation can be explained by 
assuming that the level of bicarbonate de- 
termines the buffering capacity of the eye 
tissues toward the lactic acid produced by the 
lens and the pyruvic acid produced by the 
retina. Eyes of smaller animals possess rela- 
tively greater lenses and a relatively higher 
metabolic activity of all tissues, including the 
retina, Neutralization of the larger amounts 
of acid produced by the retina requires a 
steeper gradient of bicarbonate between the 
anterior chamber and the posterior pole of 
the globe. The abnormal behavior of the 
eyes of man and monkey can be explained by 
the relatively small size of the lens as com- 
pared with that of the globe. The abnormal 
behavior of the eye of the rat could be 
explained by lower buffering requirements 
for bicarbonate due to a much more rapid 
turnover of the humor of the eye. The ratio 
of the concentration of bicarbonate in 
aqueous to that in plasma is higher than the 
theoretical one in those animals in which 
the ratio for chloride is lower than the 
theoretical one and vice versa. In cere- 
brospinal fluid, on the other hand, the ratios 
for chloride and bicarbonate correspond 
much more to those calculated for the 
dialysate-plasma ratios. This fluid, therefore, 
can be regarded as the more generalized 
cavity-filling secretion, whereas the aqueous 
humor appears more modified to insure a 
sufficient buffering capacity required by 
special anatomical conditions of the eye. 
Davson and Luck*! determined the dis- 
tribution of radioactive sodium between 
plasma and aqueous in monkeys in order to 
verify the findings of Scholz that in these 
animals the ratio of aqueous to plasma is 
lower than would correspond to the Donnan 
equilibrium, a behavior different from that 
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of other species, Monkeys (Cercopithecus 
aethiops; Erythrocebus sp.) were injected 
with 1 mc. of Na**, and the distribution of 
radioactivity was measured 24 and 48 hours 
after the injection in the aqueous as well as 
in the cerebrospinal fluid. It was found that 
whereas after 24 hours the Na level in the 
aqueous was lower than in the plasma, in 
agreement with findings of Scholz, 48 hours 
after injection the steady-state ratio went up 
to 0.93, a value identical with that obtained 
in other species. The difference between the 
monkeys and other species, therefore, is due 
only to a much lower rate of equilibration. 
This can be explained by a greater role of 
the diffusion of sodium from the aqueous 
into the vitreous in the monkey due to a 
relatively greater volume of the viterous in 
the monkey eye, This also explains the fact 
that in the cerebrospinal fluid the equilibrium 
is already reached after 24 hours in spite of 
the lower turnover of sodium in the fluid. 
The authors stress the difference in the be- 
havior of sodium, on the one hand, and 
chloride and bicarbonate, on the other hand, 
as far as the steady-state aqueous-plasma 
ratios are concerned, While the first ion is 
in all species present in higher concentration 
in the aqueous, the values for the ratios for 
the two anions vary in opposite sense from 
one species to another. This suggests, ac- 
cording to the authors, that the aqueous flow 
is regulated by the secretion of sodium rather 
than by that of bicarbonate. 

Remky,?* however, arrives at different 
conclusions as far as the dynamics of the 
entry of chloride ions into the aqueous is 
concerned, He determined the ratio of the 
concentration of Cl~ ions in the aqueous and 
plasma of 404 persons and related it to the 
protein content of the aqueous and the Cl~ 
level in the plasma. The protein content of 
the aqueous varied between 20 and 1000 mg. 
per cent, but there was no significant in- 
fluence of the level of the protein on the 
Cl~ ratio of aqueous to plasma. The author 
points out that if the level in the aqueous 
of Cl~ were the result of a Donnan equilib- 
rium the Cl~ level in the aqueous should be 
about 2% lower at the highest values of 
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the protein than at the lowest values, From 
these data, however, it appears doubtful 
whether such a difference would significantly 
influence his analytical results. Variations 
of the Cl~ level in plasma between 385 and 
545 mg. per 100 cc. corresponded to parallel 
variations in the aqueous of 423 to 485 mg. 
per 100 cc. The aqueous-plasma ratio de- 
creased continuously from a value of 1.1 to 
the lowest value, 0.89, with increasing Cl~. 
The author considers this as evidence Cl~ 
is excreted actively into the aqueous and 
does not enter purely by a process of dif- 
fusion. A few determinations on cases of 
glaucoma did not reveal a significant change 
in the aqueous-plasma ratio for Cl~. 

Nixon ** found the inositol level much 
higher in aqueous humor than in plasma, 
namely, 9.83 mg/100 ce. (range 6.4 to 20.6 
mg.), compared with 1.59 mg/100 cc. 
(range 0.44 to 5.8 mg.) in plasma. Mean 
ratio of inositol in aqueous humor to inositol 
in cerebrospinal fluid was 1.02. This indi- 
cates a similar mechanism of active transfer 
from plasma to the two fluids. Inositol de- 
termination was made microbiologically and 
by paper chromatography. 

Langham and Wood ** injected rabbits 
intraveneously with | cc. of 10% fluorescein 
and determined the passage of the dye into 
the anterior and posterior chambers by 
the fluorophotometric technique of Langham 
and Wy (Brit. J. Ophth. 38:52, 1956). 
Eight microliters of aqueous humor was 
removed at equal time intervals from each 
chamber. Ratio of concentration in the 
posterior chamber to that in the anterior 


9.55*%2.3 « 10-4 


chamber : one to five minutes, 


44.7+14.2 x 10-4 


10-4 
It is concluded the dye must pass through 
the ciliary body. 

Brini * investigated the effect of hyalu- 
ronidase on material present in the center 
of the trabeculi of Schlemm’s canal, which, 
on the basis of metachromasia and differen- 
tial coloration with the blue of Alcian, ac- 
cording to Lison (1954), can be regarded 
as an acid mucopolysaccharide. Ten eyes 
enucleated because of chorioidal or retinal 


in the following nine minutes, 


572 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


tumors and five eyes from bodies obtained 
17 to 48 hours after death were used. A 
special technique was developed in which 
the effect of varying thicknesses of the sec- 
tions on the degree of coloration was elim- 
inated. The metachromasia staining was 
carried out with toluidine blue, all material 
being stained with the same solution to 
avoid variations observed in dyes from 
various sources. In all eyes from living 
persons the ground substance, located in the 
center of the fibers, showed a red coloration 
with toluidine blue and a blue coloration 
with the blue of Alcian. These colorations 
disappeared after hyaluronidase treatment. 
Four out of five eyes from bodies were 
negative as far as the effect of hyaluronidase 
is concerned. This is related by the author 
to the technical difficulties in obtaining the 
right thickness of sections from eyes of 
dead bodies and to changes in the intensity 
of staining of these eyes. The author points 
out that the concentration of hyaluronidase 
used in these experiments, 80 viscosity units 
per cubic centimeter of solution, by far ex- 
ceeds the concentration expected in vivo and 
stresses the necessity of additional work 
with lower concentrations of hyaluronidase. 
He discusses in detail the possible mecha- 
nism of regulation of the aqueous outflow 
based on the equilibrium between hyaluronic 
acid in the trabeculi and a concentration of 
the depolymerizing and protective agents 
in the aqueous and the trabeculi. 

Beswick and McCulloch ** investigated 
the effect of hyaluronidase and the com- 
mercial detergent Alconox on the viscosity 
of the vitreous to test the possibility that 
changes in the outflow of the aqueous after 
injection of hyaluronidase might be due to 
an increase of the viscosity of the aqueous 
by the wetting properties of the enzymes. 
Cattle-aqueous freshly removed from the 
eye, as well as that obtained after prolonged 
storage of the eye at low temperature, 
and, in addition, aqueous of human patients 
and rabbits were investigated. Alconox had 
no influence whatsoever on the viscosity of 
the aqueous, and hyaluronidase (Wydase 
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450 viscosity reducing units [V. R. U.] 
per milliliter) decreased only the viscosity 
of the vitreous which was refrigerated in 
oculo. These results confirm the observa- 
tions of other investigators that hyaluronic 
acid is present in the aqueous only after 
storage of the eye and originates probably 
in the vitreous. 

Pedler ** investigated cattle and human 
eyes perfused with filtered buffered saline 
at 34 cm. pressure. Where 4 V. R. U. per 
milliliter of hyaluronidase was added, a sub- 
stantial reduction of resistance to the outflow 
in cattle eyes, but not in human eyes, was 
observed. In the latter, much higher concen- 
trations of enzyme, which are unphysiologi- 
cal, are necessary to produce some reduction. 

Francois and co-workers ** determined 
the effect of hyaluronidase on the penetra- 
tion of thorium dioxide (Thorotrast) (in- 
jected into the anterior chamber under 20 
mm. Hg pressure) into the inner wall of 
the Schlemm’s canal. Although the wall was 
only slightly enlarged under the influence 
of the enzyme, the permeability of the 
trabeculum appeared increased. 

Frangois and co-workers” investigated 
the effect of hyaluronidase on the aqueous 
outflow in eyes of rabbit and human, re- 
moved two to three hours after death or sur- 
gically in some cases of melanosarcoma and 
glaucoma. The eyes were perfused with a 1 :9 
mixture of phosphate buffer pH 7.1 and 
saline at 27 cm. pressure; 20 V. R. U. of 
hyaluronidase was injected. Histological ex- 
aminations of the iridocorneal angle were 
carried out after addition of India ink or 
thorium dioxide to the perfusion fluid. In 
62 rabbit eyes the average resistance 


(R= ) was 4.7. Hyaluronidase in- 
creased it by 40% to 50%, and the scleral 
trabeculum and iridocorneal angle appeared 
infiltrated. In 67 human eyes averaged, R 
was 4 (range, 1.66 to 8.3). Hyaluronidase 
decreased R by only 25% to 30% (5% to 
66% ). In two cases even an increase of R 
was observed. Microdiagrams with thorium 
dioxide showed certain differences in the 
trabeculum after hyaluronidase which can 
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be interpreted as due to an enlargement of 
clefts. Experimentally produced changes in 
the depth of the anterior chamber had great 
influence on the resistance. In one case 
of wide-range glaucoma R was 20 and histo- 
logical examination showed complete ab- 
sence of India ink in the trabeculum and a 
narrowing of the interlamellar spaces. In 
one case of secondary glaucoma R was 14.5 
when determined by perfusion at a depth 
of anterior chamber of 2.5 mm, Tonography 
under these conditions yielded a value of 
12 for RK. Histologically only small amounts 
of India ink were found in the trabeculum, 
and histopathological lesions were present. 

Weekers and co-workers ® confirmed in 
experiments on 20 cattle eyes the depressing 
effect of hyaluronidase on resistance to out- 
flow, 


Bohringer and co-workers *' obtained 
normal and secondary aqueous from eyes 
of patients with strabismus, refractive er- 
rors, or senile cataracts, without inflamma- 
tory changes. The secondary aqueous was 
withdrawn not less than 30 minutes after 
paracentesis. There was an increase in pro- 
tein content of the secondary aqueous as 
compared with the normal aqueous, and this 
increase was greater after withdrawal of all 
the aqueous than after partial emptying of 
the anterior chamber. No increase of pro- 
tein in the secondary aqueous was found if 
epinephrine had been injected subcon- 
junctivally. The rate of entry of fluorescein 
into the anterior chamber measured by the 
method of Amsler and Huber was not in- 
fluenced by withdrawal of aqueous humor. 
The mechanism of formation of the 
secondary aqueous appears, therefore, es- 
sentially the same in the normal eye as in 
these pathological cases. The authors sug- 
gest that the blood-aqueous barrier must be 
regarded as consisting of at least two com- 
ponents, since withdrawal of fluid from the 
anterior chamber alters the concentration 
gradient of protein between plasma and 
aqueous but does not interfere to a similar 
extent with transfer mechanisms for as- 
corbic acid or fluorescein. 
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Suzuki ** found that the second aqueous 
of rabbits contains the same level of fibrino- 
gen but a considerably lower level (30%) 
of fibrinolysin when compared with that in 
human blood. 

Hara * found only globulins in the early 
secondary human aqueous. Albumin begins 
to appear one hour after puncture. 

Umrath and Hellauer * found in 1948 in 
sensitive nerves, as well as in preganglionic 
sympathetic nerves, a substance which has a 
dilating effect on the capillaries of the 
denerved rabbit ear. These nerves also con- 
tain an enzyme which eliminates this sub- 
stance and which is inhibited by strychnine 
and picrotoxin. They have now investigated 
the presence of this enzyme in the aqueous 
of the anterior chamber of cattle and the 
CSF of patients. The aqueous and CSF 
were mixed in various proportions with the 
substrate present in an extract obtained by 
boiling of dorsal spinal roots of cattle with 
a solution of 0.65% NaCl and 0.01% CaCle. 
A mixture of three parts of the enzyme 
solution with one part of aqueous, after 16 
hours incubation at 34 C, showed a com- 
plete disappearance of the dilatory effect 
of the substrate. With greater dilutions of 
the aqueous the effect was not constant. The 
enzyme activity of the aqueous was then 
quantitatively compared with the enzyme 
activity of the unboiled extract of the dorsal 
roots, and the activity of aqueous to dorsal 
roots was found to be about 1:400. The 
activity of the aqueous enzyme was com- 
pletely inhibited by strychnine 1/10,000 and 
picrotoxin 1/2000 M. In CSF from humans 
the activity of the enzyme showed very great 
variations from one person to another but 
was, on the average, of the same order of 
magnitude as in the aqueous of cattle. The 
authors point out that the ratio of choline 
esterase activities of aqueous and of ventral 
roots is about the same as the ratio of the 
corresponding activities for the enzyme 
which breaks down the capillary-dilating 
substance. 

Matsuka *° found that the rise of ocular 
tension caused by an injection of spinal 
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fluid from light-adapted rabbits is modified 
by removal of the superior cervical ganglion 
of the receptor. 

The same author ** found that the fall 
of ocular pressure after exposure to light is 
compensated in 5 to 10 minutes, probably 
by an appearance of a tension-raising factor 
in the system. 

Matsuka and co-workers report that 
the serum from light- or dark-adapted rab- 
bits does not seem to contain hyperpiesin or 
miopiesin in such a high concentration that 
it causes a direct action on ocular tension by 
transfusion. 

Takaoka ** points out that although 
epinephrine and acetazolamide both decrease 
the ocular tension they have an opposite 
effect on K-ion concentration in the 
aqueous. In cases of glaucoma in which a 
single administration of acetazolamide re- 
sults in a continuous lowering of ocular 
tension, the decrease in K-ion concentration 
persists for over 16 to 27 hours, i. e€., be- 
yond the period of the effect of acetazolam- 
ide on ocular pressure. 

Funamoto**® reports that after sym- 
pathetic stimulation suppression of aqueous 
production exceeds that of aqueous outflow 
and results in a greater lowering of ocular 
tension by eyeball compression. After 
parasympathetic stimulation acceleration of 
aqueous production exceeds that of aqueous 
outflow and causes a smaller lowering of 
tension by compression. 


Lens 


Kromageot et al.“ describe a new pro- 
cedure for a-crystalline preparations of 
cattle which on ultracentrifugation appear 
to be homogeneous. The preparation was 
obtained from frozen lenses by extraction 
with NasHPO, 0.1 M for 24 hours at 0 C. 
The homogenate was centrifuged for one 
hour at 30,000 rpm. The supernatant was 
first precipitated with (NH4)2SO,4 at 42% 
of saturation. The dialyzed precipitate was 
reprecipitated first at 32% of saturation, 
and the supernatant was brought up again to 


42% of saturation. The second dialyzed 
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precipitate, dissolved in water, is repre- 
cipitated by saturation with MgSO, at pH 
7.75. The dialyzed precipitate redissolved 
is reprecipitated with perfluorooctanoic acid 
from acetate buffer at pH 5.22. Perfluoro- 
octanoic acid is removed by electrodialysis. 
The protein solution gives one single peak 
in the ultracentrifuge with Si equal to 7.16 
at pH 7.63 in 0.05 M phosphate buffer at a 
concentration of 2.35 mg. per millimeter. 
The minimum of solubility of this protein, 
which the authors designate as a-crystal- 
line, is 5.16 in acetate buffer of O.1 M. 
Its tyrosine-tryptophan ratio, calculated 
from the ratio of absorption at 280 and 
294mp, is 1. The protein is easily de- 
natured under formation of larger mole- 
cules. 

Sirchis and co-workers *' investigated the 
similarity between the so-called Fraction 
I’, of the albuminoid of the cattle lens and 
the crystalline a;. Three criteria were ap- 
plied in the comparison, namely, sedimenta- 
tion constants, electrophoretic mobility, and 
the formation of specific precipitates. Si¢ 
for the two proteins in acetate buffer of 
0.1 M at pH 6.88 to 7 was found to be 
identical (8.8); the mobility in pH 8.6 
veronal buffer, to be 6.3 for Fy and 6.4 for 
a,-crystalline. Antisera against both pro- 
teins were prepared by injections into rab- 
bits of soluble proteins of cattle lenses in 
0.1 M phosphate buffer of pH 7.6 with 
addition of soluble starch once in every two 
weeks. In 2 out of 10 animals significant 
amounts of antibodies were found after 12 
injections. The specific precipitation was 
determined by the immunoelectrophoresis 
method of Grabar and Williams. FI, frac- 
tion produced a line of precipitation cor- 
responding exactly to that of a,-crystalline. 
When the immune serum was exhaustively 
precipitated with F, the supernatant did not 
give any precipitate with the a,-crystalline. 
The authors discuss the question whether 
a,-crystalline does not form part of the 
albuminoid by being combined with another 
insoluble protein. 


Dische 


A series of investigations deals with 
changes in the composition of the soluble 
fraction of lens proteins with aging. 

Francois and Rabaey* confirmed the 
separation of the soluble porteins of the 
lens into three fractions by paper electro- 
phoresis and investigated the nature of the 
third, the slowest, fraction with very low 
mobility of pH 8.6. This fraction, first ob- 
served by Croisy in 1952, was interpreted 
by Bon in 1955 as being the result of de- 
naturation of a-crystalline, resulting in its 
adsorption to the paper. As this fraction 
appear much more prominent in the soluble 
proteins of the nucleus, the authors examine 
the possibility that it represents not de- 
natured a-crystalline but another protein, 
formed mainly during embryonic develop- 
ment and thus persisting to a larger extent 
in the nucleus of the lens. To this end, they 
determined the ratios of the three proteins 
in the cortical as well as in the nuclear 
part of cattle lenses from embryos of 3.5 
cm. body length on and up to adult animals 
of 10 years of age. They found that the slow 
Fraction III reaches a maximum of about 
30% of the total soluble protein in embryos 
larger than 7 cm. The ratio remains un- 
changed until the end of the embryonal life 
and then declines to a minimum of about 
15% at the end of the first year of life. 
Determinations on the cortical and nuclear 
parts of the lens separately show that, while 
in the embryonic lens these two parts do not 
differ as far as the proportion of the slow- 
moving fraction is concerned, in the older 
animal the slow-moving fraction drops to 
2.5% in the cortical part at 4 years of age, 
while it retains its original high value in the 
corresponding nucleus. The slow-moving 
fraction was also obtained by electrophoresis 
in agar gel. The authors consider this pro- 
tein to be a characteristic embryonal form 
of lens protein, which is no longer formed 
in adult life. 

The slow-moving Fraction III of the 
soluble lens proteins was also independently 
investigated by Fuchs and Kleifeld * in 
lenses of guinea pigs and rabbits and by 
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Kleifeld and co-workers ** in normal and 
cataractous lenses of man. Paper electro- 
phoresis was carried out in barbital buffer 
of pH 8.6, and the amount of proteins was 
determined by densitimetry and planimetry 
of the spots obtained with amide black in 
lenses of embryos and very young guinea 
pigs. Forty per cent of the total soluble 
protein was found as Fraction III, while in 
old animals the percentage went down to 
about twenty per cent of the total protein. 
Similar values were obtained for rabbit 
lenses. In agreement with the results ob- 
tained by Frangois and Rabaey, Kleifeld 
and his co-workers found almost no Frac- 
tion III in the cortex of the lenses of adult 
cattle but considerable amounts in the 
nucleus of these lenses. In human lenses of 
old persons appreciable amounts (8% to 
16%) of Fraction III] were found, and the 
proportion of this protein seemed to be 
somewhat increased (up to 25%) in lenses 
with turbidities. The statistical significance, 
however, of these findings appears ques- 
tionable to the authors themselves. 

The presence of a particular component 
of the soluble proteins in lenses of young 
animals was also reported by Dische and 
co-workers.© These authors found that 
when soluble proteins of lenses of 5- to 
10-week-old rats are oxidized by ferri- 
cyamide at pH 7.4 and 37 C a heavy precip- 
itate appears after a short time, the amount 
of which decreases with increasing age of 
the animals. No such precipitation on oxida- 
tion can be observed in lens homogenates 
of animals above 15 weeks of age. The 
amount of precipitated protein was measured 
by the absorption of light at 480myp, at 
which wavelength the reagent used for the 
oxidation, as well as the products of reduc- 
tion, does not show any absorption, and by 
direct isolation and quantitative determina- 
tion of the precipitated protein. It seems 
possible that this protein precipitated after 
oxidation may be identical with the em- 
bryonal protein found by the other authors 
in other species. The same authors also 
investigated changes in the content in cyste- 
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ine and cystine in lens proteins of rats dur- 
ing aging. Animals from 35 to over 1000 
days of age were used for this investigation, 
and the amount of cysteine and cystine was 
determined in the albuminoid as well as in 
the total soluble proteins of the lens. It was 
found, in confirmation of previous findings 
on lens proteins of cattle, horse, and human 
( Dische and Zil, 1950), that, while the solu- 
ble proteins do not contain any significant 
amount of cystine, the albuminoid contains 
about as much cystine as cysteine. The sum 
of cystine and cysteine in the insoluble pro- 
tein does not change significantly during the 
whole life span of the rat, while there is a 
continuous drop in cysteine in the content 
of soluble proteins with progressing age, 
which at the end of the life span reaches 
about 40% of the value found in animals 
under 10 weeks of age. The authors discuss 
the possibility that the aging of the lens is 
associated with the continuous oxidation of 
the cysteine of soluble lens proteins, which, 
in combination with proteolytic and syn- 
thetic processes, leads to the formation of 
the albuminoid, and they interpret this proc- 
ess as analogous to the keratinization of 
the epidermal cells, which, like lens fibers, 
originate in the ectoderm. 

An investigation by Croisy and Dische *¢ 
suggests a possible mechanism for the con- 
tinuous oxidation of cysteine in soluble lens 
proteins, These authors fractionated the B- 
crystalline fraction of cattle lenses with 
phosphate buffer at pH 6.5, according to 
the procedure of Derrien and Jayle, and ob- 
tained five different fractions, one of which 
did not precipitate even from 2.2 M phos- 
phate solution. This fraction represented 
about 10% of the total f-crystalline and 
contained only cystine and no cysteine, 
whereas f-crystalline in situ does not con- 
tain any significant amount of cystine. The 
authors assume, therefore, that the fraction 
of B-crystalline soluble in 2.2 M phosphate 
represents a fraction particularly suscepti- 
ble to oxidation in phosphate solutions, 
which contain traces of heavy metals. Ex- 
periments in which soluble lens proteins of 
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rat were incubated in 0.2 to 1.0 M phos- 
phate buffer at pH 7.4 at 37 C showed after 
two and one-half hours a significant oxida- 
tion of the cysteine of soluble lens proteins. 
The authors discuss the possibility that 
oxidation of lens proteins in vivo is cata- 
lyzed by heavy metal complexes with phos- 
phate. 

Francois and co-workers ‘** determined 
the amino acids in pure a-crystalline of cat- 
tle and man. The first was fractionated in 
two cortical fractions designated by the 
authors as ac; and ace and a nuclear frac- 
tion a, by the low-temperature ethanol 
precipitation previously described by the 
authors, The a-crystalline from human 
lens was separated by paper electro- 
phoresis from the lens homogenate of a 6- 
year-old child and eluted from the paper. 
After 15 hours of hydrolysis at 106 C in 
6 N HCl in sealed tube, the water and HCl 
were removed by evaporation and the dis- 
solved residue was subjected to ascending 
bidimensional paper chromatography and a 
48-hour descending paper chromatography 
for the slowly moving amino acid. The 
solvents were butanol-formic acid-H2O and 
phenol-water+copper. Spots were devel- 
oped by 0.3% solution of triketohydrindene 
hydrate (Ninhydrin) in butanol-acetic acid. 
Seventeen amino acids were found, No 
characteristic differences could be established 
between the three fractions of a-crystalline 
nor between a-crystalline of man and of 
cattle. An analysis of pure £-crystalline 
showed, as had to be expected, a larger 
amount of cysteine and cystine and of tyro- 
sine and a smaller amount of threonine. 

Francois and co-workers ** investigated 
the soluble proteins of the cortical and nu- 
clear parts of bovine lenses by the double 
diffusion method of Ouchterlony with the 
modification of Kaminski, which permits a 
sharper differentiation and quantitative 
evaluation of the lines of precipitation, and 
by immunoelectrophoresis according to Gra- 
bar and Williams. Only after injection of 
the nuclear part of the lens was significant 
antibody formation in rabbits obtained, and 
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different constitutents were found in cattle 
lenses, one corresponding to Fraction I 
(a-crystalline); two, to Fraction II 
( B-crystalline ), and two, to the slow-moving 
Fraction III. Three weaker additional lines 
of precipitation could not be identified with 
any of the better-characterized fractions of 
soluble lens proteins. Comparison of corti- 
cal and nuclear extracts revealed only quan- 
titative differences. Line A, corresponding 
to Fraction III appeared later, was less 
sharp, and advanced more slowly, which ap- 
pears surprising in view of previous find- 
ings of the authors that nuclear proteins 
have a higher molecular weight than cortical 
ones. The authors explain this discrepancy 
by assuming that degradation as well as 
aggregation processes accompany the aging 
of lens proteins. 

Kusui ** reports that he isolated in erystal- 
line form from the cortex of the lens two 
proteins: cortical crystalline I (pseudo- 
globulin) and II (euglobulin). The N- 
terminal sequence in both proteins is alanine. 
The C-terminal sequence in the second pro- 
tein is also alanine, but in the first protein 
it is phenylalanine. Free amino radicals of 
lysine are detected in both proteins by the 
dinitrofluorobenzene method. The molecular 
structure of these two proteins is discussed. 
This paper, which appears of major signif- 
icance, unfortunately was available to me 
only in the form of an abstract. 

Halbert and co-workers ™ prepared homo- 
logus antisera against adult rabbit lens, us- 
ing Freund’s adjuvants. They found in this 
serum antibodies against five rabbit lens 
proteins with the agar precipitin technique. 
One of the antigens appeared only 10 to 19 
days after birth. The antiserum cross re- 
acted with two components of frog lens and 
one component of the lens of menhaden. 
Rabbit antisera against lenses of frog and 
menhaden showed five and four antibodies, 
respectively, 

The peptide fraction of the calf lens was 
the subject of an important investigation by 
Waley.®' The peptides were separated from 
proteins in three different ways, namely, by 
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dialysis of a macerate of lenses in 18% 
formic acid or a macerate in a triethylamine- 
formic acid buffer of pH about 11 against 
water and by precipitation with four portions 
of boiling 60% ethanol. The diffusate ob- 
tained by the first procedure was fractionated 
by phenol water partition, and the phenol- 
soluble fractions after reextraction in water, 
the aqueous fractions after electrolytic de- 
salting, were subjected to paper electro- 
phoresis in pyridine acetate buffer at pH 
4 (240 volts, 8 ma. for five hours), An 
acidic, a neutral, and a basic fraction were 
obtained which were chromatographed on 
paper with butanol-acetic acid as solvent 
before and after hydrolysis with 6 N HCl at 
105 C for 28 hours. The diffusate from 
the alkaline dialysis, concentrated to a syrup 
and freed from the buffer, was subjected to 
electrophoresis on Whatman cellulose pow- 
der with pyridine acetate buffer of pH 4. 
Five different fractions were obtained; two 
of them, corresponding to acidic peptides, 
were, after elution, again fractionated by 
electrophoresis. The fraction with higher 
mobility yielded three subfractions; that 
with lower mobility, after oxidation with 
performic acid and reelectrophoresis at pH 
2, nine different fractions. Two subfractions 
(a and B) of Fraction 1 and one subfrac- 
tion (e¢) of Fraction 2 were subjected again 
to paper chromatography in N-butanol-ace- 
tic acid-pyridine-water. The a and f sub- 
fractions yielded and five 
respectively, which were extracted and their 


seven spots, 
constitutent amino acids identified by paper 
chromatography after hydrolysis. All seven 
spots of subfraction a contained glycine and 
glutamic acid, and six of them contained 
cystine or cysteine. In two spots, in addi- 
tion, an unidentified compound traveling 
just in front of arginine in butanol-acetic 
The 
liberated from subfraction B were glycine, 


acid was found. main amino acids 
glutamic acid, and eysteic acid. These iden- 
tifications are based on paper chromatog- 
The 
electrophoretically separated nine subfrac- 


raphy with four different solvents. 


tions of the second acidic fraction (the main 
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component of which was glutathione) con- 
tained, in addition, cystine, threonine, ala- 
nine, the unidentified amino acid, and 
a-amino-n-butyric acid. The paper chroma- 
tography of subfraction e yielded four dif- 
ferent spots, the fastest of which was the 
most intense and was identified by paper 
chromatography, after hydrolysis, as a pep- 
tide of a-amino butyric acid, with glycine 
and glutamic acid as N-terminal acids. The 
determination of the terminal groups was 
carried out by dinitrophenylation according 
to a modified procedure of Sanger and 
Thompson. This peptide is called by the 
authors ophthalmic acid, and its amount was 
determined to be about 20 mg/100 gm. of 
lens. The analysis of the acid peptide frac- 
tion in aqueous humor of cattle and from 
alkaline dialysates from calf liver and blood 
failed to reveal the presence of ophthalmic 
acid. The authors discuss the possibility that 
the @-amino-n-butyric acid in ophthalmic 
acid may arise during hydrolysis from 
another amino acid, as threonine was found 
to be converted into this acid under rigorous 
conditions of hydrolysis. The fact that all 
acidic peptides found in the lens by the 
authors contained glutamic acid appeared to 
them to support the significance of trans- 
peptidation of y-glutamic peptides in pro- 
tein synthesis suggested by Waelsch. 


As the nature of a considerable fraction 


of the trichloroacetic acid-soluble phos- 
phorus compounds in the lens was unknown 
(Pirie, van Heyningen, and Flanders, 


1955), van Heyningen ™* investigated the 
inositol content and the inositol phosphates 
in lenses of various animals of different age 
and in old humans, In addition, the effect of 
irradiation and irradiation cataract on the 
inositol of rabbit lenses was studied. Inosi- 
tol was determined before and after hydro- 
lysis of either trichloroacetic acid-soluble or 
100 C acetate buffer extracts at pH 5.2. The 
hydrolysis was carried out by boiling under 
reflux for six hours with 6 N HCl, which 
then was removed by evaporation in vacuo. 
Inositol was determined by a microbiological 
assay with Saccharomyces carlsbergensis ac- 
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cording to the procedure of Atkin and co- 
workers (1943). The accuracy of the 
method is +10%. The method is specific 
for meso-inositol. The level of inositol is 
significantly lower in younger animals as 
compared with older ones. The concentra- 
tion varied widely from one species to 
another, between 83 mg/100 gm. wet weight 
in adult rats and 553 mg/100 gm. in adult 
sheep, the values for humans being 400 to 
600 mg/100 cc. There was, furthermore, a 
significant decrease in concentration of the 
inositol toward the center of the lens, where 
the concentration in cattle was found to be 
only 60% of that in the periphery. In ir- 
radiated lenses an almost complete disap- 
pearance of inositol was found after the 
cataract was developed. It was not possible, 
however, to ascertain how soon after ir- 
radiation this decrease in inositol begins to 
take place, because of the relative inaccur- 
acy of the determination. No inositol in 
combined form could be found either in the 
extracts of calf, cattle, pig, or rabbit lenses 
or in the lipids of the lenses of these ani- 
mals. Incubation of calf lens in Krebs-phos- 
phate-Ringer solution did not lead to a 
decrease in inositol. In the aqueous humor of 
rabbit 2 mg/100 ml., and in that of cattle 
5 mg/100 ml., of inositol was found. The 
author draws attention to the fact that the 
concentration of meso-inositol in the cattle 
lens is considerably greater than that of any 
other known _ trichloroacetic 
compound in the lens. 


acid-soluble 


Wortman and Becker ™ investigated the 
presence of a large number of representa- 
tive enzymes of the glycolytic cycle and the 
hexose monophosphate shunt. They de- 
termined the activity of the enzymes separ- 
ately in the anterior and posterior capsules 
and the lens substance itself. The determina- 
tions were carried out on a very small 
amount of material by the micromethod de- 
scribed by 
Aldolase, 
lactic dehydrogenase, fumarase, malic de- 
hydrogenase, and glucose-6-phosphate dehy- 
drogenase were investigated in homogenates 


Lowry and his co-workers. 


glucose-6-phosphate isomerase, 
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in a 0.05% solution of bovine plasma al- 
bumin. Fumarase showed equal activity in 
all three parts of the lens, while values for 
malic and lactic dehydrogenases were about 
three times higher in the lens substance than 
in the anterior and posterior capsules, which 
did not differ from each other in the activity 
of these enzymes. Aldolase, glucose-6-phos- 
phate dehydrogenase, and glucose-6-phos- 
phate isomerase activity in the lens was 
about twice as great as in the capsules. The 
anterior capsule was twice as active with 
respect to these enzymes as the posterior 
capsule, On the other hand, glucose-6-phos- 
phate dehydrogenase was more active in the 
capsules than in the lens proper, The au- 
thors point out that these results indicate 
a high activity of the enzymes of the tri- 
carboxylic acid cycle in the lens, in which, 
according to Kinoshita’s investigations, oxi- 
dative pathway is predominantly that of the 
direct glucose oxidation. They tried to ex- 
plain the apparent inconsistency of their 
results and those of Kinoshita by the possi- 
bility that the enzymes of the tricarboxylic 
acid cycle are prevented from maximal ac- 
tivity by certain structural factors. It should 
be noted, however, that the relative insignif- 
icance of the tricarboxylic acid cycle in the 
lens in vivo could be also due to a deficiency 
of the cytochrome system, which may be 
necessary as the hydrogen carrier of the 
tricarboxylic acid cycle, while in the case 
of the direct oxidative pathway the gluta- 
thion oxidases and dehydrogenases may be 
able to carry on the transfer of hydrogen. 
Dardenne and Schaefer measured the 
aldolase activity in total homogenates of 
cortical and nuclear parts of lenses of cattle 
and calf in presence of various cataracto- 
genic agents. Neither galactose (5 10-4 to 
1X 10-8 M) nor naphthaline (concentration 
one-sixth of saturation) nor dinitrophenol 
(10~* M) had any influence on the activity 
of the enzyme. Cysteine (10~* to 107? M), 
which inhibits crystalline yeast aldolase, and 
zinc sulphate and Iy, which are strong 
inhibitors for muscle aldolase, had no effect 
on the lens aldolase solutions. These find- 
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ings support the concept previously set forth 
by other authors that the inhibitory effects 
on aldolases from various sources may be 
due to the reaction of the inhibitors not with 
the enzyme itself but with other contaminat- 
ing substances, which may result in forma- 
tion of aldolase inhibitors. 

Heinrichs and Harris ® compared the 
oxidative utilization of glucose by the lens 
with that of substrates and intermediates of 
the glycolytic and tricarboxylic acid cycle. 
As a measure of this ultilization they used 
the ability of the different substrates to 
restore a normal distribution of potassium 
and sodium between the lens and the sur- 
rounding medium when a shift in these 
cations took place by refrigeration of the 
lens. Pairs of rabbit lenses were refrigerated 
for 41 to 44 hours, and one of the lenses 
was analyzed immediately, while the other 
was incubated at 37 C for an additional six 
hours in a modified Tyrode solution con- 
taining either glucose or one of the other 
metabolites, The recovery of the cation shift 
induced by refrigeration was expressed in 
per cent of the total cation shift. While glu- 
cose under these conditions achieved for both 
cations about 80% recovery, the recovery 
for lactate, pyruvate, acetate, a-ketoglutar- 
ate, and oxaloacetate varied between 30% 
and 50%, and significant differences in the 
degree of recovery showed up between po- 
tassium and sodium. In the case of citrate 
the recovery was insignificant, which the 
authors attribute to the removal of calcium 
by chelation, The authors also determined 
the effect of ribose and gluconate on the 
recovery from the cation shift, assuming 
that these substances are metabolized by the 
glucose-6-phosphate shunt of the lens. This, 
however, suggests the presence of phospho- 
kinase in the lens for these two substrates, 
which so far has not been demonstrated. 
The authors considered the possibility that 
the superiority of glucose, as compared with 
other metabolites, may be due to a higher 
rate of its penetration, due to metabolic 
mediation. They, therefore, investigated the 
rate of exchange of labeled glucose and ace- 
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tate between the surrounding medium and 
the anterior and posterior capsules as well 
as the lens substrate proper under condi- 
tions which were identical with those of the 
recovery experiments. They found a total 
incorporation of 4.3% to 6.2% for acetate 
and 8.6% to 9.5% for glucose. 

Kleifeld and his co-workers ® made an 
attempt to obtain insight into the lenticular 
metabolism by studying, in a series of 
investigations, the effect of various inhibitors 
of glycolytic and oxidative processes on the 
incorporation of P** in various phosphate 
fractions of the lens. ATP, inorganic phos- 
phate, and the rest phosphates of homog- 
enates of lens were separated by paper 
electrophoresis, and the activity of the three 
fractions was determined and expressed in 
per cent of total activity of the three frac- 
tions. In the first series of experiments the 
effect of fluoride on the metabolism was de- 
termined in three different ways. Either the 
lenses were incubated in a fluoridated salt 
solution containing from the beginning of 
the experiment P%* or the radioactive phos- 
phate was added to a lens previously 
incubated in the fluoridated medium. The de- 
termination of the activity of various phos- 
phate fractions was carried out in the first 
series of experiments at various intervals 
during an period of 120 
minutes. In the second series P** was added, 
every time, 15 minutes before the end of the 
experiment. In a third series of experiments 
rabbit lenses were kept for 30 minutes in a 
medium with P** and then transferred to a 
medium without radioactive material. The 
authors also determined the oxygen con- 
sumption by a polarographic method, the 
lactic acid production, the seven-minute hy- 
drolyzable phosphate, glutathione, and as- 
corbic acid, after 120 minutes of incubation. 
They found a decrease in the relative ac- 


experimental 


tivity in ATP and an increase in the rest 
phosphate fractions when the lenses wer 
incubated in P®*-free medium and P*? was 
added 15 minutes before the end of the 
experiment. They interpret this as indicat- 
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ing, first, an inhibition of the breakdown of 
these phosphate esters. 


In a second paper the same authors 7 
investigated the effect of KCN and monoio- 
doacetic acid on the relative activity of the 
three phosphate ester fractions. Changes in 
these activities were correlated with the 
oxygen consumption, which was measured 
polarographically during the whole experi- 
mental period. Seven-minute hydrolyzable 
phosphate, lactic and ascorbic acid, and 
glutathione were determined only at the end 
of the experimental period. The inhibitors 
were applied in 0.005 M_ concentration. 
While KCN depressed the respiration im- 
mediately by about two-thirds, the decrease 
in the percentual activity of ATP took place 
only after 35 minutes. If P®* was added 
after this time interval to lenses in KCN 
medium, the decrease in the relative activity 
of ATP could be observed after 15 minutes. 
The authors interpret this as an_ initial 
inhibition of the breakdown of ATP which 
is followed by an inhibition of its synthesis. 
In agreement with this interpretation, they 
found after two hours of incubation a de- 
crease in the seven-minute hydrolyzable 
phosphate. With iodoacetic acid, on the 
other hand, there is immediate decrease in 
the relative activity of ATP, no matter 
whether P** is added immediately or after 
preincubation of 20 minutes with the in- 
hibitor. On the other hand, there is an 
increase of the relative activity of the rest 
phosphate and inorganic phosphate. The 
respiration was inhibited as a result of the 
high concentration of iodoacetic acid. These 
findings are interpreted as due to an 
enhanced breakdown of ATP which accom- 
panies an increased formation of rest phos- 
phate, with a subsequent inhibition of 
glycolysis and ATP turnover, particularly 
its synthesis. 

Finally, Kleifeld and Hockwin ™ investi- 
gated with the same methods the effect of 
dinitrophenol (DNP), edathamil (ethylene- 
diamine-tetraacetic acid; Versene), aceta- 
zolamide, and phenylbutazone ( Butazolidin ) 
on the metabolism of the lens. The second 
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compound was investigated because of its 
reported inhibitory influence on the gluta- 
thione reductase; the last two, because of 
their therapeutic use. Lenses of rabbits as 
well as of pig were used. DNP showed only 
a small effect on the relative activity of 
ATP after a prolonged incubation, while a 
shift of activity from the rest phosphate to 
the inorganic phosphate was seen im- 
mediately. Removal of the capsule and 
epithelium had no effect. No significant 
changes were observed in the DNP lenses 
in seven-minute hydrolyzable phosphate, as- 
corbic acid, and glutathione. The authors 
point out the similarity between the effect 
of DNP with that of age on the metabolism 
of rabbit lenses, both of which are assumed 
to lead to a shift in enzymatic activity of 
the lens related to phosphorylation, Aceta- 
zolamide, on the contrary, increases the 
relative activity of the rest phosphate and 
decreases that of the inorganic phosphate, 
while ATP does not show any significant 
changes. The seven-minute hydrolyzable 
phosphate, ascorbic acid, and glutathione re- 
main unchanged. Edathamil showed an in- 
crease in the oxygen uptake for about 30 
minutes, Later, the oxygen uptake dropped 
to the normal level. The increased respira- 
tion was accompanied by an increase in 
glutathione by about 30% and in ascorbic 
acid by about 17%. The increase in respira- 
tion is explained by the authors as due to 
an oxidation of these two reducing sub- 
stances. Phenylbutazone decreased the rela- 
tive activity of ATP and rest phosphate and 
increased somewhat the lactic acid produc- 
tion. 

The interpretations given by the authors 
to the results of their three experimental 
studies are tentative ones, as neither the 
concentrations of the three phosphate frac- 
tions nor phosphatase activities were de- 
termined during the experimental period, 
neither in the absence nor in the presence 
of the inhibitors. 

Miller and co-workers ™ investigated the 
effect of pilocarpine and other drugs used 
in treatment of glaucoma on the metabolism 
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of the lens. This investigation was stimu- 
lated by observations of cataractous changes 
in glaucoma patients subjected to drug 
therapy. They found a complete inhibition 
of respiration by pilocarpine at 4X 10~-* M 
with pig lenses and 10~* M with a human 
lens. With rabbit lenses, a 10~* M solution 
of pilocarpine depressed respiration by 75%. 
These results were obtained when oxygen 
uptake was measured by the polarographic 
method of the authors. With the Warburg 
technique, the pilocarpine inhibition in some 
lenses was absent and in others was much 
smaller than with the polarographic method. 
This diserepaney remains unexplained, The 
authors also determined the pilocarpine con- 
centration in the aqueous humor after an 
application of a 2% pilocarpine ointment 
to the conjunctiva. They found a level of 
10% M in the aqueous and a complete 
inhibition of the respiration of the lens of 
the rabbit, which was taken out eight to 
nine days after application of the ointment. 
Mintacol, a diethyl p-nitrophenyl phosphate, 
at a 10~* M concentration exhibited a simi- 
lar inhibitory effect. Surprisingly, however, 
the authors report that this depression of 
respiration had no effect whatsoever on the 
uptake of P®* into the lens with and without 
addition of intermediates of the glycolytic 
and oxidative system to the medium. 

Miller and co-workers ™ reviewed in a 
comprehensive paper the present status of 
our knowledge of the intermediary metabol- 
ism of the lens, particularly in relation to 
phosphorus metabolism. 

Langham and Heald *' investigated the 
influence of extrinsic and intrinsic factors 
on the concentration of ascorbic acid in the 
lens. Ascorbic acid (AA), dehydroascorbic 
acid (DHA), diketogulonic acid 
(DKG) were determined in plasma and in 
lens extracts by the osazone technique of 
Rowe and co-workers (1948), modified by 
the authors, and the AA in the aqueous was 
determined by titrating with 2,6-dichloro- 
phenol-indophenol. Adult rabbits of 1.8 to 
2.5 kg. were used. The plasma and lens 
extracts were deproteinized with two vol- 


and 
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umes of a solution containing TCA 8% and 
metaphosphoric acid 1.5%. In normal rab- 
bits AA of the aqueous varied between 30 
and 40 mg/100 ml. The ratio of the con- 
centration of AA in the lens to that of the 
aqueous was 0.79+-0.04. The concentration 
of DHA plus DKG in the lens comprised 
15% to 20% of the total vitamin C, but it 
was less than 2% in the aqueous. No signif- 
icant change in these concentrations was 
observed up to two hours after death of the 
animals. When the plasma was saturated 
with AA by an initial intraveneous injec- 
tion of 50 mg. followed by five injections 
every hour of 25 mg. intramuscularly, the 
ratio of AA in lens to that of aqueous 
dropped to about 1:3. These experiments 
demonstrated the importance of the AA 
level in the aqueous and plasma for the AA 
level in the lens. Fresh cattle and rabbit 
lenses with intact capsules inhibited the rate 
of destruction of AA in ox aqueous humor 
diluted with Krebs-Ringer-phosphate solu- 
tion, and this activity was enhanced in 
presence of added DHA. This protection 
of AA in the aqueous was also obtained 
when lenses were incubated for one hour at 
37.5 C and the medium of incubation was 
added to the aqueous together with DHA. 
This indicates the presence in the lens of 
reducing substances which reduce DHA to 
AA and can be leaked out of the lens. 
Finally, the effect of dialyzed extracts of 
cattle and rabbit lenses on the rate of re- 
duction of DHA in the presence of reduced 
glutathione was studied. DHA was reduced 
by glutathione in Mel lvaine’s buffer between 
pH 3 and 6 almost completely in 10 minutes, 
but only to an extent of 10% in Sorenson’s 
phosphate buffer at pH 7. The addition of 
dialyzed lens extract, however, to Sorenson's 
buffer resulted in an increase of the forma- 
tion of AA, and this effect of the lens ex- 
tract was not reduced by heating it to 90 C 
for 30 minutes. The authors conclude, there- 
fore, that the reduction of DHA by gluta- 
thione, which is another intrinsic factor in 
regulating the AA content of the lens, is a 
nonenzymatic process. 
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Gloster ®* investigated the reduction of 
dehydroascorbic acid (DHA) by dialyzed 
lens extracts in order to determine the na- 
ture of the reaction which results in an 
increased formation of AA from DHA 
when dialyzed lens extract is added to a 
solution containing DHA and _ glutathione. 
The lens extracts were prepared from lenses 
of pigmented rabbits and were dialyzed 
against glass-distilled water at 4 C for at 
least 24 hours. The supernatant of the 
centrifuged extract was used for experi- 
ments. The reduction of DHA was studied 
in Sorenson’s phosphate buffer at pH 7. 
The author confirmed the observations of 
Langham and Heald that these lens extracts 
increase the reduction of DHA. DHA was 
incubated in Sorenson’s phosphate buffer 
of pH 7 for up to 60 minutes with and 
without addition of the dialyzed lens ex- 
tracts, and the amount of AA formed was 
titrated with 2,6-dichlorophenol-indophenol; 
10y to 20y of AA was formed after addi- 
tion of the lens extract in about 20 minutes. 
When lens extracts were preheated to 60 C 
for four hours, or five minutes at 100 C, 
a greatly enhanced reducing power against 
DHA was observed. The author concludes 
from his experiments that the acceleration 
of the reduction of DHA by dialyzed lens 
extracts is due to the presence of SH 
groups in lens protein. He excludes, on the 
basis of control experiments, the possibility 
that some glutathione was retained in spite 
of dialysis in the lens extracts and the 
possibility that the increased reduction of 
DHA by heated lens extracts could be due 
to reduction of oxidized glutathione, com- 
bined with the proteins. 

Brindley ® determined the resting poten- 
tial of the lens of frog and rabbit by 
introducing a glass pipette microelectrode 
filled with 3 M KCI or Ringer solution 
into the eye from the posterior pole. The 
eyes were placed with the corneal surface 
down in an unglazed earthenware dish 
which was grounded. When the electrode 
pierced the posterior surface of the lens, a 
drop in the potential between 63 and 88 
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mv., with a mean of 74 mv., was observed 
in 37 eyes which were not injured during 
the preparation. The same change in po- 
tential was observed when the tip of the 
electrode passed through the whole lens and 
pierced the anterior capsule. When the 
fluid vitreous in the frog eyes was replaced 
by solutions containing higher concentration 
of potassium, the drop in the potential 
declined and became zero in a Ringer solu- 
tion containing 100 mEq. of KCl. The 
author explains the resting potential of the 
lens, making certain assumptions concern- 
ing the permeability of the lens for potas- 
sium and sodium, and _ suggests that 
changes in the resting potential of the lens 
could be indicative of changes in the per- 
meability to certain ions during the devel- 
opment of cataract. The determinations of 
the resting potential, therefore, would allow 
differentiation between the two factors re- 
sponsible for concentration of various ions 
in the lens, namely, the permeability of 
surface membrane and the active transport 
of ions. 

Kleifeld ™ reviewed his previous experi- 
mental studies on biochemical changes in 
the lens associated with accomodation, 

Kleifeld and his co-workers ® determined 
the incorporation of P** in the cortex and 
nucleus of calf and adult cattle. The lenses 
were homogenized in barbital buffer of pH 
7.5, and the supernatant of the homogenate, 
after addition of 10-2 M solution of ATP, 
was first incubated for 15 minutes in a 
water bath of 37 C; then inorganic labeled 
phosphate as well as either glucose or 
fructose 1,6-diphosphate was added at a 
concentration of 107% M. Portions of 
homogenate were then taken at certain time 
intervals and subjected to paper electro- 
phoresis. Fructose 1,6-diphosphate and 
glucose-6-phosphate increased the relative 
activity of the ATP fraction, This increase 
was absent after addition of monoiodoacetic 
acid. The rate of incorporation (measured 
by the increase per minute of the relative 
activity) was 5 to 10 times higher in homog- 
enates of young rabbits and calf than in 
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those of adult animals when glucose was 
used as a substrate. The ratio was about 
2:5 when fructose diphosphate was the 
substrate. The comparison of the incorpora- 
tion between the cortical and nuclear parts 
of the lens under these experimental con- 
ditions showed that glucose induced much 
higher incorporations in the cortex of calf 
than in that of adult cattle but did not 
cause any significant incorporation into the 
nuclear part. Fructose diphosphate, how- 
ever, led to a very significant incorporation 
into the nuclear part of the calf lens, but 
only traces were incorporated in the nucleus 
of adult cattle. The authors suggest that 
this failure of the nuclear lens fibers to 
incorporate P*? in ATP in adult cattle is 
due to sclerosis of the nucleus. 

Kleifeld and Hockwin,® in another series 
of experiments, compared the incorporation 
of P® into the cortical part of the lens 
and into the whole lens of animals of 
various ages in the presence of glucose-1- 
phosphate, glucose-6-phosphate, ribose-5- 
phosphate, fructose-1,6-diphosphate, and 
3-phosphoglyceric and pyruvic acid. Of 
these substrates, the 3-phosphoglyceric acid 
induced the highest rate of incorporation; 
the pyruvic acid, the lowest rate, while the 
sugar phosphates did not differ significantly 
from each other in their effectiveness. While 
the two glucose-monophosphates led to a 
somewhat faster incorporation in very 
young animals, the phosphoglyceric and 
pyruvic acids, on the contrary, induced a 
higher rate of incorporation in older ani- 
mals. In the same type of experiments, the 
effect of cataractous changes induced in 
lenses of chicken by DNP, and of rabbits 
by alloxan and x-ray irradiation, were also 
studied. In some of the experiments DNP 
decreased the incorporation into ATP. This 
depression, however, was observed with all 
substrates. The irradiation with 1000 to 
4000 r induced a decrease in the relative 
activity of ATP but did not influence the 
relative effects of the substrates. Three 
days after beginning of the alloxan medi- 
cation an increase in the relative activity of 
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ATP was observed after addition of pyruvic 
acid, but not with other substrates. 

Miller and co-workers ™ reviewed the 
investigations on changes in enzymatic ac- 
tivities, particularly of enzymes of the glyco- 
lytic system, and arrived at the conclusion 
that it is necessary to distinguish between 
two different types of changes, one depend- 
ent on the time of formation of individual 
lens fibers and the other depending on the 
age of the whole organism. This concept 
is based on findings concerning changes 
in the enzymatic activities in the lens nu- 
cleus of older animals as compared with the 
nucleus of young animals and on differences 
in activities between the cortex and the 
nucleus of young animals, 

Green and Solomon ® reported in a pre- 
liminary paper on the effect of age on the 
glycolytic system in cell-free homogenates 
of rabbit lenses. Three- to four-week-old 
animals were compared with three-year-old 
ones. The lens extracts were fortified by 
necessary co-factors to assume maximum 
activity. Glucose-6-phosphate and fructose 
diphosphates were used at optimal concen- 
trations as substrates. The glycolytic ac- 
tivity was related either to the total lens or 
to the unit lens protein. In the first case, 
there was a 50% to 75% increase of gly- 
colysis by lens. There was, however, a 50% 
decrease per unit protein with increasing 
age. 

Dardenne and co-workers ® compared 
the aldolase activity of the nuclear and cor- 
tical parts of the lens as well as of the 
anterior and posterior lens capsule of calf 
with that of adult steer. The lens capsule 
was removed and separated from residual 
lens fibers by scraping with a scalpel under 
microscopic control and homogenized in a 
Ringer phosphate buffer of pH 7.5. The 
decapsulated lens was divided into a nuclear 
and a cortical part either by gentle shaking 
in a buffer solution, which brought the 
cortical parts into solution and left the 
nuclear part as residue, or by cutting out 
a cylindrical part of the lens and dividing 
it into a central nuclear and two peripheral 
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cortical segments. The lens then was homog- 
enized with a sixfold amount of its wet 
weight of Ringer phosphate buffer. The 
aldolase activity was measured by adding 
to the homogenate M_ fructose-1,6- 
diphosphate and determining by the colori- 
metric method of Dounce and Beyer the 
acetaldehyde into which the triose phosphate 
had been converted during a period of 15 
to 30 minutes. The authors assume that, 
because of the excess of substrate, the rate 
of the production of triose phosphate is 
proportional to the activity of the aldolase. 
This activity was found to be about 60% 
lower in extracts of adult cattle than in the 
extracts of calf lenses. This difference, 
however, was found to be due entirely to 
the much lower aldolase activity in the 
nucleus of the adult lens, as the cortical 
parts of these lenses did not differ signifi- 
cantly in their activity from the cortical 
parts of the calf lenses. In the latter, in 
turn, no significant difference was observed 
between cortical and nuclear parts. A sig- 
nificant aldolase activity was also found in 
the anterior as well as in the posterior 
capsule. Quantitatively this activity was 
about 25% lower than the activity in the 
deeper cortical parts and 75% lower than 
in the superficial cortical fibers, 

Karkas and Potts ® were able to demon- 
strate the condensation by lens extracts of 
oxaloacetic acid with acetyl coenzyme A to 
form citrate, which was determined by the 
method of Natelson et al. The authors 
point out that this finding in conjunction 
with findings of Ely on the presence of 
other enzymes of tricarboxylic acid cycle 
demonstrates that this cycle is present in 
the lens, although these findings do not 
prove that this cycle is operating to a sig- 
nificant degree. 

Macintyre and co-workers ™ compared 
the uptake of glucose by lenses of rats made 
diabetic by alloxan injections (40 mg. per 
kilogram intravenously) with that by lenses 
of normal controls. Sprague-Dawley rats 
of 60 to 180 gm. body weight on dog chow 
diet were used for the experiments. Only 
animals with a blood sugar level of about 
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350 mg. per cent were considered diabetic. 
The glucose uptake was measured by incu- 
bating the lenses for various time intervals 
in a Tyrode solution with 100 mg. glucose 
per 100 ce. at 37 C. From time to time the 
lenses were transferred to 0.1 cc. of the 
medium, incubated, and transferred again 
to 5 ce. of the medium. The 0.1 cc. of me- 
dium was then analyzed for glucose. The 
glucose uptake of normal lenses was on the 
average 1.10.3 mg. per lens, while that 
of diabetic rats, starting on the seventh day 
after alloxan injection, was 0.50.2 mg. 
per lens. Addition of insulin to the medium 
did not change the glucose uptake in any 
case; nor was this uptake by normal and 
diabetic lenses affected by fasting, which 
led to a considerable lowering of the blood 
glucose level. Injection of insulin, however, 
with and without glucose, increased signifi- 
cantly the uptake of glucose by normal 
lenses. The authors assume that the ob- 
served glucose uptake by the lens is due to 
utilization of glucose and the decrease of the 
uptake in diabetic rats indicates a decrease 
in the rate of utilization of glucose by the 
lens. These findings are consistent with. the 
assumption that diabetic cataracts are due 
to a block of the utilization of glucose by 
the lens. 

Alekseeva ™ reported that in experimental 
animals insulin lowers the permeability of 
the anterior and posterior lenticular mem- 
branes for ascorbic acid. 

Pirie ™ reviewed the experimental work 
on the changes in lens enzymes during the 
formation of radiation cataracts in rabbits. 

Dische and co-workers ™ investigated 
changes in the chemistry of lens proteins 
and in the rate of protein synthesis in rats 
kept for 21 days on a standard galactose 
diet inducing cataract. The age of the ani- 
mals at the beginning of the experiments 
was 6 weeks. Three experiments were car- 
ried out. The galactose-fed group and the 
control group on normal diet consisted of 
10 to 14 animals. At the end of the experi- 
ments the average wet weight of lenses, the 
total soluble protein, and the insoluble pro- 
tein were determined. In one of the experi- 
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ments a group of 20 animals was also killed 
before the galactose feeding started. In all 
three experiments soluble proteins per lens 
were significantly lower in the galactose- 
fed group, and in the experiment in which 
the initial value of soluble proteins was 
determined the amount of soluble proteins 
in the galactose-fed rats did not significantly 
differ after 21 days from the initial value, 
while it increased by 50% in rats on normal 
diet. The increase in insoluble protein and 
the wet weight of the lenses were much 
less affected by galactose feeding than the 
soluble fraction. The authors also demon- 
strated a significant change in the chemistry 
of the soluble lens proteins under the influ- 
ence of galactose feeding. The change 
manifests itself in an inerease in protein 
precipitation after oxidation of the soluble 
proteins by ferricyanide. This precipitation, 
which was previously shown to decrease 
significantly in 21 days on normal diet, not 
only did not decrease in lenses of rats on 
galactose diet but even increased consider- 
ably as compared with the value obtained 
with lenses at the beginning of the feeding 
experiment. The authors interpret these 
results as indicating an inhibition of certain 
stages of the synthesis of proteins under 
the influence of galactose feeding and _ re- 
gard the proteins which precipitate, after 
oxidation as an intermediate in the synthesis 
of the final form of lens proteins which 
accumulates during galactose feeding and 
finally by mass action inhibits the over-all 
synthesis of soluble proteins. 

Nakamura * found that the lens cortex 
shows a more active metabolism of pyruvate 
than the nucleus and capsule. The addition 
of thiamine accelerates and that of ribo- 
flavin impedes the activity, though to a 
slight degree. Cyanide inhibits. The cata- 
ractous lens due to naphthalene gradually 
loses this catabolic activity until it disap- 
pears completely with the maturing of the 
cataract. In the incipient stage of the cata- 
ract the loss of the catabolic activity is 
chiefly due to a disappearance of coenzyme. 
It can be reactivated, therefore, by an addi- 
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tion of a heated emulsion of normal lens or 
of cocarboxylase. In the mature stage, 
however, there is a complete loss of apo- 
enzyme. 

Uyama and Ogino™® investigated the 
glutathione metabolism in normal lenses as 
well as in experimental cataract, using 
naphthalene, benzoquinone acetic acid, epi- 
nephrine, galactose, dinitrophenol, and 
alloxan. The ascorbic acid metabolism was 
also studied in patients with senile cataract. 
They report that a cataractogenic agent can 
be extracted from the urine of senile cata- 
ractous patients. 

Quednau ™ draws attention to the fact 
that experimental cataracts, particularly 
those due to the high content of the diet in 
galactose and xylose, can be induced only 
in very young animals, and almost exclu- 
sively in rats. He points out that the rat is 
an animal in which the embryonal nutri- 
tional conditions of the lens persist up to 
the 28th day of life, insofar as the posterior 
surface of the lens in these animals is still 
supplied by a fine network of blood vessels 
branching off the arteria hyaloidea. These 
vessels begin to become obliterated in the 
third week of postnatal life and cannot be 
found any more ophthalmoscopically after 
about the 31st day of life. These vessels 
on the posterior surface of the lens can be 
also made visible by postmortem inspection 
after injection of China ink into the heart 
of narcotized animals. The author suggests 
that these embryonal nutritional conditions 
of the rat lens are responsible for the 
cataracts due to galactose and xylose feed- 
ing. This concept can barely be reconciled 
with experimental facts reported by many 
authors which indicate that galactose cata- 
racts can be easily produced when galactose 
is fed to 6-week-old rats, in which the em- 
bryona!l nutritional conditions are already 
eliminated. Galactose cataracts were also 
produced in rabbits. The higher suscepti- 
bility of young animals to these cataracto- 
genic agents could be rather due to the fact 
that the synthesis of soluble lens proteins 
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is very rapid in the rat up to an age of about 
10 weeks and rapidly decreases afterward. 

Cibis and co-workers ™ produced lentic- 
ular changes in rabbits which resembled 
those in radiation cataract by injecting 20 
to 60 mg. per kilogram of iodoacetic acid 
intravenously. Exudation into the anterior 
chamber appeared after two days. Mitotic 
activity was depressed for more than 12 
days, and vacuolation appeared at the pos- 
terior surface of the lens within two to four 
months. Later opacities developed. 

Kinsey and co-workers ™ studied the in- 
fluence of various media on the viability of 
rabbit lenses cultured in vitro. As a meas- 
ure of viability they used the number of 
mitoses in the lens epithelium. They showed 
that this criterion is more adequate than cri- 
teria based on changes in the concentration 
of certain constituents of the lens or on the 
rates of metabolic processes. Three syn- 
thetic media and ultrafiltrates from rabbit 
serum and plasma, rabbit vitreous humor, 
and the aqueous humor of beef and rabbit 
were tested. Rabbit aqueous and the syn- 
thetic medium TC199, devised by Parker 
and prepared by Difco Laboratories, main- 
tained the normal rate of mitosis for nine 
hours at 37 C and were superior in this 
respect to all other media. However, TC199 
produced pathological changes in the nuclei 
of the epithelium. Another synthetic me- 
dium, KEI, did not maintain the normal 
rate of cell division even after six hours 
but did not produce visible changes in the 
nuclei. The authors consider the loss of 
viability in TC199 and rabbit aqueous to be 
due to depletion of a factor necessary for 
survival, as a renewal of the medium after 
nine hours maintained further the normal 
rate of mitosis and the same could be 
achieved when a new lens was cultured for 
nine hours in a medium previously used for 
the culture of another lens. 


Vitreous 


Schwarz carried out electron micro- 
scopic studies of the vitreous under condi- 
tions under which, according to the author, 
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the interrelation of the various structural 
elements of the vitreous are as little changed 
as possible. To this end, 54 to 10 frozen 
sections of the fresh vitreous or vitreous 
fixed either in formalin or osmium tetroxide 
vapors were used. This method of fixation 
preserves the transparency and consistency 
of the vitreous. The sections were then 
freeze-dried under special conditions which 
prevented any thawing out of the sections 
before they were completely dried. The 
electron microscopic pictures obtained with 
the three different methods all showed a fine 
fibrillary network without any recognizable 
periodicity. The individual fibrils were 
largely covered by fine granules, which 
could be seen also in the interfibrillary 
spaces. In formalin-fixed preparations this 
granular substance itself in certain spots 
formed a fine network. The finer granules 
had a diameter of about 100 A.; the coarser 
ones, 200 to 400 A. Solutions of pure 
hyaluronic acid treated exactly under the 
same conditions as the sections of the 
vitreous also showed in the electron micro- 
scope granular material very similar in its 
appearance to that seen in vitreous sections. 
The author, therefore, assumes that this 
granular material in the vitreous consists 
of hyaluronic acid and soluble proteins of 
the vitreous. 

Rowen and co-workers *! studied the bire- 
fringence and light-scattering of solutions 
of hyaluronic acid with the view to clear 
up the inconsistencies between the results 
of various authors concerning the asym- 
metry of this high polymer, The hyaluronic 
acid was prepared according to the detergent 
method of Simmons (U. C. L. A. Report 
No. 353, 1955). The analysis of the mate- 
rial demonstrated far-reaching purity and 
lack of significant contamination by sulfated 
polyuronides. Both methods revealed the 
polydisperse nature of the polyuronide in 
solution and the dependence of the shape 
and length of its molecule on the ionic 
strength of the medium, which could be 
calculated to about 6000 A. at »=0 and 
about half of it at »=0.3. The electro- 
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microscopy of the preparation of hyaluronic 
acid confirmed these results by revealing the 
presence of elongated flexible rod-like struc- 
tures 10 to 100 A. in diameter which dis- 
appeared after brief incubation with 
hyaluronidase. The authors conclude, there- 
fore, that the hyaluronic acid is an asym- 
metric molecule of about 6000 A. in length 
which in salt solutions contracts to a flexible 
coil of about half that length. 

Suran and McEwen ** made an attempt 
to fractionate the residual protein of cattle 
vitreous by subjecting it to a combination of 
various enzymes and analyzing the break- 
down products in solution as well as the 
undissolved residue for hydroxyproline and 
hexosamine and other sugars. The vitreous 
was obtained under exclusion of zonule 
fibers, and the residual protein was sepa- 
rated either by washing the vitreous for 
about a three-week period with distilled 
water and filtering off the washed material 
through a loose nylon stocking or by centri- 
fuging the vitreous at about 100,000 g, 
washing the precipitate, and drying to con- 
stant weight. There was 2.5 mg. of dried, 
very hygroscopic material obtained from 
100 ce. of vitreous. This material, when 
subjected to tryptic digestion with 1 mg. of 
Tryptar (a trypsin preparation) in 0.2 M 
protein buffer at pH 7.8, showed an initial 
loss of 42%, which did not increase on 
further tryptic digestion. When, however, 
the predigested material was dried and then 
again digested, a further loss occurred, until 
finally only 40% of the residual protein 
remained undissolved. The authors 
clude that the residual protein contains two 
different of which in the 
genuine state of protein is resistant to 


con- 


fractions, one 
trypsin and is attacked by the enzyme only 
after denaturation by drying. The trypsin- 
resistant material showed a higher nitrogen 
and somewhat higher hydroxyproline con- 
tent but did not contain any significant 
amounts of hexosamine, which was removed 
with the trypsin digestible fraction. The 
trypsin-resistant fraction was attacked by 
collagenase, which, however, left a residue 


588 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


amounting to 10% to 25% of the original 
residual protein. This residue did not con- 
tain any hydroxyproline and was, therefore, 
not of collagenous nature. Effect of tryptic 
degradation of the trypsin-resistant ma- 
terial was increased by pretreatment with 


hyaluronidase. The authors point out the 
similarity between this behavior of the tryp- 
sin-resistant material and collagen from 
kangaroo tail tendon. 

soruchoff and Woodin ** investigated the 
factors determining the stability of rabbit 
vitreous in vitro and the effect of hyalu- 
ronidase injections on the stability of rabbit 
vitreous in vivo. Vitreous was solubilized 
by stirring in a blender with steel blades 
rotating at 1400 rpm at 0 C and in presence 
of 5 ml. of 0.1% sodium diethyl-dithio- 
carbamate per 100 ml. vitreous, which sta- 
bilized the viscosity. The vitreous was 
centrifuged at 2500 rpm for 15 minutes, 
and the sediment was discarded. The con- 
tent in collagen of the vitreous measured 
by its hydroxyproline content was found 
to be 0.13 mg. per milliliter, about 40% 
higher than that of the ox. In contrast to 
the ox vitreous, very little of the hydroxy- 
proline-containing material was solubilized 
by hyaluronic acid. The hyaluronic acid 
concentration, on the other hand, was only 
about one-tenth that of the ox. The authors 
point out that these differences in concen- 
trations may be relevant to their conclusion 
that the stability of suspensions of residual 
protein depends on the presence of hyalu- 
ronic acid. The in vivo experiments were 
carried out by injecting 0.1 ml. of a 
solution of the testicular hyaluronidase 
preparation (Rhondase) containing 300y 
per milliliter. At different times after in- 
jection the vitreous humor was removed 
from the eyes and filtered through silk 
gauze, 30 mesh per inch. Sodium diethyl- 
dithio-carbamate was added to the filtrate 
to protect hyaluronic acid against depoly- 
merization. The filtrate was shaken for 
15 minutes and dialyzed in the cold for 
24 to 48 hours against a sodium chloride 
phosphate solution of pH 7. The solution 
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was then filtered through a glass filter with 
pores of 5p to 10, and its viscosity was 
measured in a_ horizontal viscosimeter. 
There was a considerable decrease in the 
viscosity of the vitreous treated with hyalu- 
ronidase. Higher fluidity of the vitreous 
could be also seen by direct inspection. 
The maximum of fluidity was reached after 
1 to 2 days, and it did not change in the 
following 30 days. 

Brunish ** studied the stability effect of 
soluble constituents of cattle vitreous on 
the framework of residual proteins. The 
shrinkage temperature of the residual pro- 
tein fibers was regarded as a measure of 
the stability of the interfibrillary bonds. The 
residual protein was prepared by either 
leaching out the soluble components 
according to Friedenwald and_ Stiehler 
(1935) or by crushing the frozen vitreous, 
thawing, and centrifuging the resulting sus- 
pensions at 3000 rpm. The centrifugate 
was suspended in 5 N NaCl to break salt 
linkages between hyaluronic acid and resid- 
ual protein, and the salt was washed out with 
distilled water. The shrinkage temperature 
was measured over a whole range of pH 
between 2.2 and 11.75. The shrinkage tem- 
perature was constant between pH 3.9 and 
9.5 and decreased on both sides beyond that 
range. This decrease is attributed to the 
stabilizing role of the e-amino group of 
lysine and carboxyl groups of dicarboxylic 
acid. The determination of the shrinkage 
temperature of the whole vitreous yielded 
lower values than that of purified residual 
protein. Ultrafiltrates of vitreous have also 
a depressing effect, though not as great as 
the total vitreous. Hyaluronic acid, on the 
other hand, did not affect the shrinkage 
temperature. The author concludes, there- 
fore, that interactions between hyaluronic 
acid and residual protein may play an or- 
ganizing role only during the formation of 
the fibers. Water-uptake experiments on 
hyaluronic acid isolated from vitreous and 
on residual protein showed that highly 
polymerized hyaluronic acid has a greater 
binding capacity for water than degraded 
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hyaluronic acid and a much higher binding 
capacity for water than residual protein. 
The author considers, therefore, the possi- 
bility that changes in the degree of polymeri- 
zation of the vitreous may influence the 
turgescence of the latter and thus contribute 
to the regulation of the ocular pressure. 

Schweer and his co-workers continued 
their studies on the concentration and dis- 
tribution of hyaluronic acid in the vitreous 
of cattle and human and studied the rela- 
tion of these two factors to age and mechan- 
isms of formation of hyaluronic acid in the 
vitreous. 

Schweer and Karell*® determined the 
distribution of hyaluronic acid in the vit- 
reous of cattle by determining the concen- 
tration of glucosamine in various parts of 
the vitreous. The latter was either separated 
at the level of the ora serrata into an an- 
terior or a posterior part or separated into 
a peripheral and a central part by chopping 
off a 1 mm. thick cortical zone from the 
frozen vitreous. The hexosamine determi- 
nations were carried out by the Elson- 
Morgan method adapted by the authors for 
their purposes. The values obtained for the 
anterior and posterior parts on 26 individual 
specimens of the cattle vitreous varied be- 
tween 52y and 184y of glucosamine per 
cubic centimeter for the anterior part and 
between 94y and 438, per cc. for the 
posterior part of the vitreous. In every 
individual case, however, the ratio anterior- 
to-posterior was lower than 1, varying be- 
tween 0.33 and 0.87, with an average of 
0.51. That this higher concentration in the 
posterior part was not due to an imbibition 


of aqueous humor by the anterior part was . 


shown by injecting fluorescein into the 
aqueous humor immediately after the death 
of the animal and ascertaining that during 
the processing of the vitreous the dye did 
not penetrate into it. There were no sig- 
nificant differences between the dry weight 
per unit volume of the anterior and that of 
the posterior part. In contrast with 
that, the ratio of glucosamine concentration 
of the peripheral and central parts of the 
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vitreous was, on an average, 0.94 and varied 
in individual samples between 0.61 and 1.70, 
thus showing no consistent difference be- 
tween the two parts of the vitreous. The 
authors point out that this characteristic 
distribution of hexosamine, which reflects 
the distribution of hyaluronic acid, is not 
consistent with the assumption that hyalu- 
ronic acid is produced by the ciliary proc- 
esses. They suggest that the variations in 
the ratio between periphery and center 
might be due to variations in the dynamic 
equilibrium between different functional 
processes which are interrupted at a differ- 
ent stage at the moment of the enucleation, 
and particularly by freezing of the vitreous. 
This dynamic equilibrium between the for- 
mation and breakdown of hyaluronic acid 
may be related to changes in the permeabil- 
ity of the blood-vitreous barrier. 

Schweer and co-workers ** made another 
attempt to decide the question whether 
hyaluronic acid of the vitreous and the 
aqueous is produced by the ciliary body. 
To this end, they determined the gluco- 
samine content (which is considered as 
equivalent to the content in hyaluronic acid) 
in the aqueous humor as well as in three 
portions of the vitreous. One portion was 
that adjacent to the ciliary body. The third 
portion was that posterior to the ora serrata, 
and the second, between the two others. In 
confirmation of previous findings, the au- 
thors found lower values in the two anterior 
portions of the vitreous than in the posterior 
one. No significant difference, however, 
was found between the first and second 
portions of the anterior vitreous. These 
differences were noticeable in the vitreous 
of calves as well as in that of older cattle. 
The ratio of concentration, on the other 
hand, of glucosamine in the vitreous and 
in the aqueous was age-dependent and much 
higher in older animals. The authors be- 
lieve that these results exclude the possi- 
bility that the hyaluronic acid of the vitreous 
is produced by the ciliary body and suggest 
a secondary function of the protoplasmic 
fibers found by Schwarz in the vitreous, 
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which could represent protoplasmic proc- 
esses of cells located in the ciliary body or 
other ocular tissues. 

Schweer,*? furthermore, investigated the 

scattering of the values for the concentra- 
tion of hyaluronic acid in the vitreous and 
their relation to the age of the animals. 
This investigation was stimulated by the 
results of preceding investigators, which 
indicated very strong variations in the con- 
centration of hyaluronic acid in individual 
eyes. Three age groups of animals were 
examined. Group 1 consisted of 52 eyes of 
animals 2 to 3 months old; Group 2, of 72 
eyes of animals 1 to 6 years old, and Group 
3, of 48 eyes of animals 7 years old and 
older. In the first group the average value 
of hyaluronic acid was 174.4y; in the sec- 
ond, 480y and in the third, 353y per cubic 
centimeter. Pearson’s variation coefficients 
for the three groups were 18.9, 31.1, and 
38.5, respectively. The young animals, 
therefore, showed a much lower scattering 
of the values than older animals. The 
authors stress that, in addition to an increase 
in the hyaluronic acid content after the age 
of 9 months, there is a significant decrease 
after the age of 6 years in the concentration 
of hyaluronic acid in the vitreous, and they 
point out that this finding is analogous to 
that of Boas and Foley on the orbital tissue 
of the rat and of Sobel and his co-workers 
on the skin of rats, who also found a de- 
crease in hyaluronic acid in older animals. 
In agreement with other authors, they point 
out that this analogy supports the fact that 
the vitreous represents a specialized connec- 
tive tissue. The very great scattering of 
the values for hyaluronic acid they consider 
to be due to constitutional factors based on 
hormonal influences. 

The same author ** determined the con- 
centration of hyaluronic acid in the vitreous 
of two human eyes enucleated because of 
chorioidal tumors. They found 236.7y per 
milliliter in the vitreous of a 47-year-old 
patient and 333.4y per milliliter in the vit- 
reous of a 68-year-old patient. The author 
points out that these values are significantly 
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higher than those reported by other authors 
for the human eye and are very nearly as 
great as those found in cattle eyes. He also 
reports that he found similar values in about 
90 eyes obtained from dead persons. 


Boyer and co-workers ® studied changes 
in the concentration of the residual protein 
of cattle vitreous with growth and age. The 
vitreous was cut through 2 to 4 mm, pos- 
terior to the lens in order to avoid inclusion 
of zonula fibers with the sample. The ma- 
terial included vitreous from four groups 
of animals, namely, 2-month-premature 
calves, 2-week-old calves, 2-year-old steers, 
and 6- to 8-year-old dairy cows. The resid- 
ual protein was obtained by centrifugation 
of the vitreous samples at 35,000 rpm for 
one and one-half hours in a Spinco ultra- 
centrifuge. The residue was treated for 16 
hours at 37 C with hyaluronidase, 100 TRU 
per milliliter in 1/10 N acetate buffer at 
pH 5.4, and washed with distilled water. 
Further treatment with enzyme and wash- 
ing did not change the weight of the residue, 
which was then air-dried, first at room tem- 
perature and then for 24 hours over an 
anhydrous calcium sulfate preparation 
( Drierite). The weights of whole vitreous 
and of the residual protein were found to 
increase only during the period of growth 
and not to change after the second year of 
life. The concentration of residual protein 
did not change significantly during the 
growth period. This, according to the au- 
thors, excludes the possibility that the in- 
crease in the weight of the vitreous is due 
to a secretion of a liquid vitreous. The 
authors suggest that all vitreous components 
are formed from the same source. This 
assumption does not seem quite consistent 
with the data of Schweer and his co-work- 
ers, mentioned above, who found a signifi- 
cant increase in the concentration of 
hyaluronic acid between the third and ninth 
months of life in calves. 

Takagi ® reports the presence of a factor 
reducing the viscosity of hyaluronic acid 
in the vitreous which is dialyzable and fairly 
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thermostable. Its activity is increased by 
Catt, 

Gloster *' determined the carbonic anhy- 
drase content of the vitreous of the rabbit 
in central as well as peripheral regions of 
the vitreous body. The vitreous was ob- 
tained from frozen eyes and, after removal 
of all extraneous tissues, was thawed and 
filtered through a 2 in. column of 1 mm. 
diameter glass beads. In control experi- 
ments it was ascertained that freezing of 
the vitreous in carbon dioxide for a short 
time did not alter the activity of its carbonic 
anhydrase. In a few experiments the vit- 
reous was withdrawn directly with a 
syringe. It did not contain any erythro- 
cytes. A modification of the method of 
Roughton and Booth (1946) was used for 
the determination of carbonic anhydrase. 
The enzyme was found in the vitreous in 
higher concentration in the peripheral area 
than in the central area. The concentration 
was 1/150 to 1/600 of the concentration in 
the blood. It was, therefore, significantly 
lower than that in the lens, the ciliary body, 
and the iris. 

Goren and Krause determined the 
oxygen tension in the vitreous at varying 
Oz pressures in the atmosphere. Under 
physiologic conditions, Oz tension in the 
vitreous was 53 mm. Hg, that is, about 
equal to that found in the aqueous by other 
authors. It dropped to 28 mm. at 114 mm. 
Oz pressure and reached a maximum of 
175 mm. Hg at 609 mm. atmospheric Oz 
pressure. 

Green and co-workers ™ carried out ex- 
periments to determine factors responsible 
for the distribution and the route of entry 
of bicarbonate ions in the vitreous humor 
of the rabbit. The concentrations of bicar- 
bonate in the anterior part of the vitreous 
adjacent to the lens and in the remaining 
posterior part were determined separately, 
as well as the concentration in the periph- 
eral and central parts. The animal received 
an intravenous infusion of 1.3% NaHCO, 
by means of the usual venoclysis assembly. 
This resulted in an increase of bicarbonate 
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in the blood plasma from 20 mM. to 30 
mM. per liter. This level remained constant 
during four hours. The normal concentra- 
tion of bicarbonate in the vitreous was 
found in 18 individual cases to be 31.32+3.5 
mM. per liter for the ciliary and 24+2.6 
mM. per liter for the posterior part of the 
vitreous. The concentration in the ciliary 
part was not affected by the increase of 
about 18% in concentration of bicarbonate 
in the posterior chamber and an increase 
of about 50% in the blood plasma. 
There was, however, a slight but significant 
increase in the posterior part of the vitreous, 
so that the ratio ciliary-to-posterior de- 
creased from 1.34 to about 1.2. These 
values remained constant during four hours. 
The authors suggest that there is no ex- 
change of bicarbonate between the posterior 
chamber and the vitreous and explain the 
increase in the posterior part of the vitreous 
by diffusion from choroidal and_ retinal 
circulation, 

Sampaolesi ** compared the penetration 
of fluorescein into the vitreous with that into 
the aqueous in 35 aphakic eyes of patients 
after total and extracapsular extraction of 
the lens. The dye penetrated into the vitre- 
ous at a slower rate in 26 cases, but it finally 
approached the level in the aqueous. In six 
cases the rate of penetration was the same, 
and in three cases, higher in the vitreous. 
The author discusses the possibility that 
fluorescein may penetrate into the vitreous 
directly from the blood. 

Balazs ® determined hexosamine, hexu- 
ronic acid, protein N, hydroxyproline, and 
ascorbic acid in the vitreous of different 
animals. In birds less than 20y of hyalu- 
ronic acid per milliliter was found. Hy- 
droxyproline content was 20y to 30y per 
milliliter in the gel vitreous and 0.2y to 
0.6y per milliliter in the liquid vitreous. 
In fish 70y to 100y per milliliter and in 
squid 200y to 300y per milliliter of hyalu- 
ronic acid is present. No collagen was 
found in the liquid vitreous of the latter 
species. Ascorbic acid content in bird and 
fish vitreous was less than 20y per milliliter. 
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No hyaluronic acid was found in the aque- 
ous of any of the investigated species. 


Retina 


Wald and his co-workers studied in a 
series of investigations the chemistry of 
neo-b retinene and determined changes tak- 
ing place in the protein moieties of rhodop- 
sin during the bleaching process. 

Oroshnik and co-workers * synthesized 
the 11-monocis isomer of vitamin A from 
a trans-isomer of a compound which is an 
intermediate in the commercial vitamin A 
synthesis. This isomer is identical with 
neo-b vitamin A in ultraviolet and infrared 
spectra. It resembles quantitatively the 
neo-b vitamin A in the antimony chloride 
reaction and isomerization in the light in 
the presence of iodine. The oxidation prod- 
uct of this substance with manganese diox- 
ide appears identical, on the basis of these 
criteria and the mixed melting point, with 
neo-b retinene. It combines with cattle 
opsin in the dark to rhodopsin. 

Brown and Wald” describe the prepara- 
tion and properties of neo-b vitamin A and 
retinene. small-scale chromatographic 
purification of mixtures of neo-a and neo-b 
retinenes is described. A _ second, large- 
scale, procedure based on fractional crystal- 
lization of mixtures of all-trans neo-a and 
neo-b isomers was elaborated. It is based 
on selective seeding of a petroleum ether 
solution of the isomer mixture cooled to 
—15 C with crystals of corresponding 
isomers, Absorption spectra of neo-b reti- 
nene in ethyl alcohol and hexane were de- 
termined, as well as the spectrum of the 
antimony chloride compound of the neo-b 
retinene. The reduction of neo-b retinene 
to neo-b vitamin A with potassium borohy- 
dride was carefully studied, and it was 
shown that in this reduction no appreciable 
isomerization takes place. The absorption 
spectra of neo-b vitamin A and its com- 
pound with antimony chloride were deter- 
mined, The isomerization of neo-b retinene 
and vitamin A by exposure to light with 
iodine as catalyst was studied, with use of 
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hexane as well as ethyl alcohol as solvent. 
The authors point out a discrepancy be- 
tween the extinction coefficients of the re- 
duction product of neo-b retinene obtained 
by Dieterle and Robeson, who used lithium 
aluminum hydride and sodium borhydride, 
from the extinction coefficient of their own 
reduction product, obtained with potassium 
borohydride, and suggest that the latter is 
a gentler reducing agent which produces less 
side-effects. 

Rushton ® determined in vivo, with a 
specially designed apparatus, described in 
detail, the difference spectrum and the pho- 
tosensitivity of rhodopsin in the living hu- 
man eye. The measurements of _ the 
difference spectrum gave a direct proof 
for the assumption that the effect of bleach- 
ing on the ratio of reflected red to reflected 
green light in the retina is due to changes 
in the concentration of rhodopsin itself and 
not to secondary factors associated with the 
bleaching of rhodopsin. The measurements 
of photosensitivity corrected for light trans- 
mission through the intervening media and 
for orientation of rhodopsin molecules in 
vivo were 1.7 times higher than the photo- 
sensitivity calculated from that found in 
solutions of rhodopsin. The author suggests 
that this is due to a condensing-lens-like 
effect of the much broader inner limbs of 
the retina which, by focusing the light, 
yields higher values for the photosensitivity 
in vivo. He suggests that such an effect 
might be of still greater importance in 
photosensitivity in vivo of cones. 

Radding and titrated prepara- 
tions of rhodopsin over the entire stability 
range and studied the acid-base changes 
associated with bleaching. The rhodopsin 
preparations had a 400:500 ratio of 0.26, 
against 0.22 to 0.24 found with purest sam- 
ples of cattle rhodopsin. The ratio 280 :500 
was 2.3, against a lowest ratio found in 
purest preparations of 2.1. Although the 
presence of some contaminating substances 
in the preparations could not be excluded, 
the titration curves of various such prepara- 
tions were found to be in good agreement. 


Dische 


The titrations were carried out in 2% 
aqueous digitonin solutions in dim red light 
at 20 C. The solutions were bleached by 
exposure to the white light from a mag- 
nesium flash bulb. The pH readings were 
immediately carried out in red light and 
continued at intervals of 1 minute until 
they became constant, after 30 to 40 min- 
utes. The rhodopsin solutions were found 
to be stable for one hour at 27 C at any pH 
between 4 and 10. Less than 20% is lost 
in one hour at pH 3.5 and pH 10.5. The 
titration curves of rhodopsin within the pH 
stability range showed 54 titratable groups 
per mole of rhodopsin, of which 34 were 
base-binding and 20 were acid-binding. The 
isoelectric points in three preparations were 
found to be 5.2, 5.43, and 5.57, respectively. 
Cattle rhodopsin is more alkaline than frog 
rhodopsin. Bleaching introduces marked 
changes in both the acid and the alkaline 
titrations, which lie in the direction of 
neutrality. It apparently shifts the isoelec- 
tric point about 0.1 pH unit toward a higher 
pH. Bleaching of rhodopsin induces vir- 
tually no change in acid or base bound be- 
tween pH 6 and 7. At pH 3.5, however, 
5 moles of new acid are bound per mole, and 
7 moles of new base are bound at pH 10. 
These changes in the number of acidic and 
alkaline groups appearing with the trans- 
formation of rhodopsin to opsin are associ- 
atea with changes of the pH of the solutions 
of two distinct types which originate in two 
different types of chemical processes: im- 
mediate changes apparently connected with 
the light reaction itself, which are observed 
unequivocally only at neutral and acid pH, 
and subsequent slow changes which seem to 
pursue a course independent of changes in 
the absorption spectrum at both acid and 
alkaline pH. The titration curve of the 
immediate product of irradiation obtained 
by subtracting from the original titration 
curve of rhodopsin the titration curve 
of the solution, obtained by measurements 
of pH changes immediately after addition of 
the titration fluid, has the conventional 
shape of a simple titration curve with ap- 
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parent pK at about 6.6, close to the pK of 

the imidazole group of histidine. It repre- 
sents presumably the titration curve of 
lumi- and meta-rhodopsin. Later changes 
in the pH are interpreted by the authors as 
due to a denaturation of opsin taking place 
at various pH values. This denaturation was 
determined quantitatively by measuring the 
ability of opsin to recombine the neo-b 
retinene after incubation of two and one- 
half to three hours in the dark at pH 6.4. 
Rhodopsin was found to lose little of its 
regenerability after being exposed to a pH 
of 4.5 to 7.5 for 45 seconds. At pH 3.5 
and 9 it declined by about 50% in this time 
interval. The stability range is much nar- 
rower after exposure to light, namely, be- 
tween pH 5.5 and pH 7. The regenerability 
to rhodopsin falls to one half in 30 minutes 
at pH 5 and 8. The final form of the titra- 
tion curve of bleached rhodopsin, therefore, 
represents native opsin only in the range of 
pH 5.5 to 7. The authors found also that 
the denaturation of rhodopsin by heating 
at 86 C or by exposure to a pH about 10.5 
produces similar changes in titration curves 
as bleaching. The authors discuss the sig- 
nificance of the rapid rise of the pH of 
rhodopsin solutions on irradiation in neu- 
tral and mildly acid solution for the mech- 
anism of the nervous excitation resulting 
from the bleaching of rhodopsin in the rods. 
They point out also that the liberation of 
two sulfhydryl groups on bleaching of rho- 
dopsin, which was previously demonstrated, 
occurs also in neutral tris buffer and ap- 
pears, therefore, intrinsic to the process of 
bleaching. The liberation of SHI groups 
accounts, therefore, for two of the seven 
equivalents of base-bound by bleaching. 

In a second paper the authors deter- 
mined the stability of rhodopsin and of 
opsin toward acids and alkalis and on aging. 
The stability of the absorption spectrum 
of rhodopsin and the capacity to regenerate 
after exposure to light served as measures 
of stability of the two proteins. The absorp- 
tion spectrum of cattle rhodopsin in solu- 
tions was found unchanged as far as the 
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maximum at 500 my and the 400:500 ratio 
are concerned for as long as six months 
when kept at 3 C. The stability of the 
absorption spectrum at various pH values 
was measured in the range 2.5 to 8.4 in 
acetate barbital buffer and at pH 9.6 and 
11.4 in glycine buffer. Rhodopsin was 
found stable between pH 3.9 and 9.6. With- 
in the range between pH 4.5 and 7.9 it 
maintains its regenerability for at least one 
hour at 25 to 27 C. Opsin was found very 
much less stable to acids and bases than 
rhodopsin. In one hour 25° of regener- 
ability of opsin was lost at pH 7.9 and 
75% at pH 4.5. At pH near neutrality the 
regenerability of opsin drops to about 85% 
of the initial value at pH 7.2 and to 60% 
at 7.9, and it remains unchanged at this 
lower value even after prolonged incuba- 
tion. The same phenomenon is observed 
also at slightly acid pH, in which case, in 
addition, the drop in regenerability is fol- 
lowed by a secondary rise in pH to a new 
constant level. The authors interpret the 
constancy of the new level of regenerability 
at pH near neutrality as due to a hetero- 
geneity in the preparation, which contains 
one fraction unstable even at physiological 
pH and another fraction which is stable 
under these conditions. The authors point 
out that the prosthetic group attached to 
opsin exercises a protective effect on this 
molecule and discuss the possibility that the 
denaturation taking place on aging may be 
due to the leaching of heavy metal ions from 
the glassware used for the storage of the 
rhodopsin solution. 

Hubbard '' investigated the interconver- 
sion of transretinene and neo-b_ retinene 
catalyzed by light and by an isomerase ex- 
tracted from cattle retinas. The enzyme 
was prepared by extraction of homogenized 
cattle retinas with neutral M/15 phosphate 
buffer and fractionation of the supernatant, 
obtained by centrifugation of the homoge- 
nate at 45,000 to 80,000 g, with ammonium 
sulfate. The precipitate coming out at 20% 
to 35% saturation contains the enzyme, 
which can be stored for weeks in the frozen 
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state but which slowly loses activity at 4 C 
and loses about two-thirds of activity in 12 
minutes at 50 C. The isomerase was assayed 
by measuring either the rate of isomeriza- 
tion of neo-b to all-trans retinene in the 
dark or the rate of the inverse reaction in 
orange light. The neo-b and iso-a retinene 
were assayed by incubating the retinene 
samples with excess opsin and incubating 
the mixture in the dark for two hours. The 
amount of rhodopsin which was formed was 
then determined by the change in extinction 
at 500 mp taking place after bleaching in 
the presence of hydroxylamine. Mixtures 
of the two retinenes were analyzed by meas- 
uring the absorption of the different spec- 
tra at four different wavelengths. The 
isomerase was found to catalyze the con- 
version of neo-b retinene to all-trans reti- 
nene in the dark as well as to catalyze the 
light isomerization of all-trans retinene. The 
conversion in the dark was found to lead 
to a thermodynamic equilibrium in which 
about 5% of neo-b retinene is in equilibrium 
with 95% of all-trans retinene. This equi- 
librium implies a difference in free energy 
of about 2 kg.-cal. per mole in favor of 
neo-b retinene. The isomerization of all- 
trans retinene by light alone results in a 
pseudoequilibrium in which about 15% 
neo-b retinene is in equilibrium with 85% 
all-trans retinene. The isomerase increases 
the initial rate of formation of neo-b about 
five times, and the concentration of neo-b 
in the pseudoequilibrium depends to a cer- 
tain limit on the concentration of the en- 
zyme. At the optimal concentration 37% 
of all-trans retinene appears converted to 
neo-b. The isomerization of all-trans reti- 
nene in the dark in the presence of iso- 
merase can be made quantitative if the neo-b 
retinene formed is trapped by incubation in 
the dark with opsin. The pH activity curve 
of the isomerase shows a broad maximum 
between pH 10 and pH 11. The high pH 
itself does not isomerize neo-b. The rate of 
isomerization increased initially with the 
concentration of the and then 
levels off. An approximate value obtained 


substrate 
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for the Michaelis constant was 10~° mole 
per liter. The temperature quotient for the 


dark isomerization was approximately 2, 
and that for the light isomerization, 1. The 
isomerase was found to catalyze specifically 
only the interconversion of all-trans reti- 
nene and neo-b retinene. The photoisomeri- 
zation of iso-a retinene was not changed 
by the presence of the enzyme. On the 
other hand, there may be a slight conversion 
of iso-a retinene in the dark in the presence 
of the enzyme. This catalytical effect, how- 
ever, appears so small that it can be re- 
garded as negligible in comparison with the 
catalytic effect on the neo-b isomer. The 
enzyme catalyzes also the conversion of all- 
trans vitamin A to vitamin A in 
presence of alcohol dehydrogenase and 
DPN. This catalysis, however, is due to 
the conversion of vitamin A to the corre- 
sponding retinene and not to a direct action 
of the enzyme on the vitamin A_ itself. 
Opsin can be regarded also as a cis-trans- 
isomerase, as it 


neo-b 


converts neo-b  retinene 
present in rhodopsin to all-trans retinene 
formed by bleaching. The authors discuss 
the possible significance of the isomerase 
for the photoisomerization of retinene in 
the eye. They point out two factors which 
mediate against the photoisomerization of 
the eye: (1) that the blue, 
violet, and ultraviolet light necessary for 
the isomerization is not transmitted by the 
lens and (2) that there is very little reti- 
nene in the eye under steady-state condi- 
tion; they consider the possibility that the 
neo-b vitamin A in the pigment epithelium 
of the retina may act as a buffer, taking 
up slack when an excess of neo-b is being 
produced during light adaptation and giving 
up its stores during dark adaptation, 


retinene in 


Hubbard ' investigated the iodine-cat- 
alyzed light isomerization of various syn- 
thetic stereoisomers of vitamin A, retinene, 
and retinenes oximes, The data concerning 
the stability of the isomers, the abserption 
spectra, and the course of isomerization 
obtained for the synthetic neo-b isomers are 


595 


a 


in agreement with their configuration as 
1l-cis isomers of vitamin A and retinene. 

Yamaji and Matsumoto '* found the re- 
generation of visual purple to be accelerated 
by methionine, homocysteine, and cysteine 
in vitro and impeded by homocystine and 
cystine. p-Chloromercuribenzoate also in- 
hibits regeneration. 

Oyamada * reports that the regeneration 
of rhodopsin is accelerated when L-methio- 
nine is injected into frogs the 
extraction of rhodopsin. 


before 


Several studies on photopigments in vari- 
ous animals appear of particular interest 
from the point of view of comparative bio- 
chemistry as well as that of the correlation 
between specific light absorption and photo- 
sensitivity, 

Denton and Warren! made determina- 
tions of spectral density change on bleaching 
with white light of fresh retinas from four 
fish species caught at 500 meters depth 
which revealed the presence of a golden 
visual pigment with absorption maximum 
shifted about 20my, toward the blue com- 
pared with that of visual purple. The same 
pigment was found later in 15 more deep-sea 
species. Chrysopsin, or visual gold, is sug- 
gested as the name for this pigment. It is 
pointed out that the wavelength of the 
absorption maximum of chrysopsin corre- 
sponds to that of light with deepest pene- 
tration in sea water. 

Denton 1 the absorption 
spectrum of the visual pigment in the retina 
of the conger eel, The extracted pigment 
had been previously shown to be homogene- 
ous. The pigment was golden, and its ab- 
sorption maximum was shifted by l6mp, 
compared with the visual purple of sala- 
mander. The density of the pigment was 
very high, and it was shown to absorb in 
the dark-adapted retina about 70% of blue- 
green light of 485my striking it. This 
classifies the conger eel as visually one of 
the most sensitive animals. 


determined 


As the retinas 
were obtained from the fish at the stage 
of its life cycle in which it wanders in dim 
light in shallow waters, the author points 
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out the difficulty to see any advantage of a 
pigment with an absorption maximum at 
485mp. It must be noted, however, that 
at a certain period of its life the conger eel 
is a deep-sea fish and, therefore, must rely 
on light which penetrates water to a great 
depth. 

Walker '"7 determined by the method of 
partial bleaching that the visual pigment of 
the gurnard has a maximum of 497myp and 
that that of the conger eel is 487mp; both 
pigments are homogeneous. 

Crescitelli prepared digitonin extracts 
of retinas of Petromyzon marinus, land- 
locked type of lamprey, and Entosphenus 
tridentartus, Pacific fish. The pig- 
ments were spectrophotometrically homo- 
geneous, with a maximum at 497mp (after 
bleaching, 380myz) (pH 8). This is an 
exception to the rule that fresh-water ani- 
mals have maximum at 522myp. 


Coast 


Pigment 
497myp is the original vertebrate visual pig- 
ment, 


1 determined the nature of the 


photopigments in the retinas of the migra- 
tory rainbow trout, which is adapted to 
living in marine as well as fresh water. 
Dark-adapted retinas, as well as outer limbs 
of rods prepared according to Saito’s tech- 
nique, were extracted first with phosphate 
buffer of pH 7.6 and then with 2% 
tonin. 


Bridges 


digi- 
to 3 years old 
and 28 to 30 cm. long. The extract showed 
an initial decay which continued for about 
three days at 3 C. The extracts, therefore, 
were preincubated for this period of time. 
No instability was observed during — the 
period of the determination of the absorp- 
tion spectra. 


The animals were 2 


The photopigment was ana- 
lyzed by a technique of partial bleaching. 
According to this procedure, the extracts 
of photopigment, which had an absorption 
maximum of 490myp, were first illuminated 
with red light until the remaining pigment 
showed an absorption maximum of 507myp, 
which did not depend anymore on the wave- 
lengths of the light after their irradiation. 


The absorption spectra obtained for the 
red-sensitive pigment varied between 529 
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and 532mp, and, when corrected for the 
bleaching of the red-insensitive pigment, it 
gave an absorption maximum of 533mu. 
The red-sensitive pigment, corresponding 
to porphyropsin, was shown to be 40 times 
as labile in the dark as the red-insensitive, 
corresponding to rhodopsin. The authors 
made the interesting observation that the 
fresh-water fish bleak (Alburnus lucidus) 
also contains both photopigments found in 
the rainbow trout, although it lives only in 
fresh water. 

Dartnell reinvestigated photopigments 
of the clawed toad Xenopus laevis with a 
refined fractionated bleaching technique. 
The outer limbs from the retinas, dark- 
adapted for 65 hours, were prepared by 
Saito’s floating technique. The homoge- 
neity of the photopigment, with an ab- 
sorption maximum at 590mp, was then 
investigated by determining difference spec- 
tra produced by two successive stages of 
bleaching for 35 minutes with light of vary- 
ing wavelengths. The last installment of 
bleaching was carried out with white light. 
This last difference spectrum showed a max- 
imum at 507mp, while preceding spectra ob- 
tained as differences from two successive 
difference spectra showed a maximum be- 
tween 522 and 525my. The authors calculate 
that the red-sensitive pigment represents 92% 
and red-insensitive, with an absorption 
maximum at 507mp, 8% of the total 
photopigment. The first corresponds to 
porphyropsin; the second, to rhodopsin. A 
comparison of the composite spectrum of 
the two photopigments with retinal sensitiv- 
ity data of the species obtained by Denton 
and Pirenne (1951) show very significant 
differences, as the sensitivity shows two 
maxima, one at 560mp and another in the 
blue, with a maximum at 510mp. The 
authors point out that a spectrum very 
similar to that of the sensitivity is obtained 
when the absolute values for the differences 
of densities of the two photopigments pres- 
ent in the retina of the toad are plotted 
against the wavelengths. They suggest that, 
in this series, a particular physiological 


Dische 


mechanism operates by which sensitivity is 
related to the difference in the light absorp- 
tion between the two pigments. 

Hubbard and St. George!" studied the 
effect of irradiation on rhodopsin and meta- 
rhodopsin of squid as well as the synthesis 
of rhodopsin from retinene and opsin. They 
found that the squid opsin, like vertebrate 
opsins, requires a specific isomer of retinene 
to form rhodopsin and that it acts as a 
photoisomerase. 

Kornblueth and Ben-Shlomo ™* studied 
the influence on the glucose uptake of the 
retina of albino male rats of a series of 
compounds which cause toxic amblyopia 
and damage to visual cells, like methyl alco- 
hol, quinine, arsenicals, iodoacetic acid, 
sodium iodate; of inhibitors of choline 
esterase; of acetazolamide, and of physo- 
stigmine and isofluorophate (DIFP). The 
glucose uptake of the retina was compared 
with that of the brain cortex and of the 
diaphragm. None of the substances investi- 
gated (after intraperitoneal, oral, or subcu- 
taneous injection) (except iodoacetic acid, 
which, after injection of 4.8 mg/100 gm. 
caused a depression of the glucose uptake 
of the retina by about 30%) caused any 
change in the glucose uptake in the retina 
after the removal of the eye. The glucose 
utilization in vitro of the brain cortex and 
diaphragm of rats injected with iodoacetate 
did not show any change in the glucose 
uptake. 

Rudnick ''* reports that the enzyme glu- 
tamotransferase appears in the embryonal 
chick retina only on the 17th day of the 
embryonal development reaches its 
maximum activity a few days after hatch- 
ing. This maximum, however, is six times 
higher than that in brain tissue. The latter 
shows, however, activity on the 10th day. 
Evidence is set forth that this high activity 
is not related either to functional activity 
of the retina or to the development of 
ganglionic cells of the retina or the optic 
nerve. 

tarron points out that pyruvic oxidase 
and other SH enzymes are inhibited by 
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oxygen of atmosphere pressure. He sug- 
gests that the toxic effect of oxygen at high 
pressures on the retina may be due to an 
inhibition of SH enzymes of the retina, par- 
ticularly the alcoholic dehydrogenase which 
is necessary for the regeneration of rhodop- 
sin, 

Akiya injected P*® intravenously into 
rabbits. Twenty-four hours later radioactive 
phosphorus was determined in the retina. 
Radioactive phosphoprotein increased con- 
siderably as well as ribonucleic acid and 
phospholipid, Activity in ribonucleic acid 
and phosphoprotein P is greater under light 
adaptation than under dark adaptation. 
KCN, DNP, and NaF decrease the activity 
in these fractions. No significant activity 
was found in DNA. 

Ueno '® found that before the appearance 
of destruction of the visual cells by mon- 
oiodoacetic acid injected into animals the 
chrom-keto-enol substance (Hamazaki) dis- 
appears in the outer segment of rods as 
the earliest sign of the toxic effect. This 
indicates a disturbance in the metabolism 
of nucleotides, nucleosides, and purine bases 
in the visual cells. 

Leplat and Gerebtzoff ''? studied by histo- 
chemical methods the distribution of cholin- 
esterase and epinephrine arterenol 
between different layers of the retina. The 
cholinesterase determined in frozen 
sections of the retina of rabbit and cat by 
the technique of Koelle (1951), according 
to the modification of Gerebtzoff (1953) ; 
the diphenols, by a new, so far unpublished, 
technique which, according to the authors, 
permits only an approximate estimation of 
these compounds in the tissues. They found 
cholinesterase only in the internal plexiform 
layer and none in the sensorial cells and 
the external plexiform layer. 


was 


This result 
is in agreement with the results of Francis 
but in disagreement with those of Koelle 


et al, (1952) and those of Wislocki and 
Sidman (1954). These differences, ac- 
cording to the authors, are due to 


inadequate techniques of the other investi- 
gators. Diphenols were found only in the 
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rods and cones. These findings indicate 
that the receptor organs of the retina are 
adrenergic while the bipolar cells are cho- 
linergic. The authors report that they too 
have evidence that the ganglion-cell layer 
is also cholinergic. 

Shibuya ''* examined the polysaccharides 
in the retina of man and animals by the lead 
tetra-acetate reaction. In human retinae 
fixed with Bouin’s solution the polysac- 
charides are demonstrated in the outer 
nuclear layer. According to the author, this 
method is more convenient than the PAS 
method. 

Akiya described a new histochemical 
method for determining orthophosphate in 
the retina, 

Maengwin-Davies and co-workers 
tested the hypothesis that diabetics with 
retinopathy possess an overactive zona 
fasciculata of the adrenal cortex, while those 
without retinopathy have a less active zona 
fasciculata than normal persons, by measur- 
ing daily urinary excretion of 17-hy- 
droxycorticosteroids (17-OH-CS), diurnal 
variations in this excretion, and the recovery 
of a standard test dose of Compound F in 
normal patients and in diabetics with and 
without retinopathy, Urinary 17-OH-CS 
was measured by the method of Porter and 
Silber as modified by Glenn and Nelson. 
Their determinations were carried out on 
24-hour urine specimens. The majority of 
the diabetics were receiving insulin therapy, 
but diabetes in some was controlled by diet. 
The degree of retinopathy varied from one 
or two microaneurysms to retinitis pro- 
liferans. For diurnal variations three suc- 
cessive fractions of urine were collected in 
24 hours. The test dose of Compound F was 
100 mg. orally in the morning, and_ its 
excretion was determined in 24 hours. 
Forty-seven diabetics without and forty-nine 
with retinopathy were compared with thirty- 
nine normal controls. The only statistically 
significant difference was the higher excre- 
tion of 17-OH-CS in the pooled specimens 
from patients with retinopathy as compared 
with the pooled specimens from patients 
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without retinopathy. No difference was 
found in the diurnal pattern of excretion 
within the three groups, nor was there any 
significant difference between the two dia- 
betic groups in excretion of 17-OH-CS 
after an oral test dose of Compound F. The 
recovery for this compound, however, was 
significantly lower among diabetics as a 
whole as compared with the normal controls. 
The authors point out that their data neither 
prove nor disprove the hypothesis, although 
the higher excretion of 17-OH-CS by pa- 
tients with retinopathy might be attributed 
to an increased production of Compound F 
by the adrenal glands of these persons. 

Lerman and Pogell '*! found ag-globulin 
fraction of serum increased by 15% in 
diabetics with retinopathy but normal in 
other diabetics. Rabbits with alloxan 
diabetes showed a similar (27%) increase 
when they received intramuscular injections 
(8.3 mg. daily) of cortisone acetate. These 
injections produce lesions in kidney capil- 
laries. The authors assume, therefore, an 
association between capillary lesions and 
high levels of mucopolysaccharides which 
are present in the ag-globulin fraction. 

Pirie '** reviewed the effect of vitamin 
deficiency on vision, 


Miscellaneous 
Nover and Miller '** studied by the PAS 


reaction the presence of mucopolysaccha- 
rides in the alveoli, the ducts, and the basal 
membranes of the regenerating lacrymal 
gland of the adult rabbit between three days 
and six weeks after partial removal of the 
gland. In the normal gland the alveolar cells 
do not show any positive PAS reaction. 
Staining material is found in the cells of 
the ducts during the regeneration, and the 
newly formed cells derived from duct cells 
display an intensive PAS reaction, These 
cells also are surrounded by strongly stain- 
ing basal membranes. The PAS reaction 
of the alveolar cells as well as of the basal 
membranes decreases with the proceeding 
differentiation so that after three weeks only 
traces of a PAS reaction can be found in 


Dische 


the alveolar cells and the basal membranes, 
whereas the positive reaction continues in 
the cells of the ducts. The authors consider 
the PAS-positive material to be acid muco- 
polysaccharides, an assumption which ap- 
pears rather doubtful. They point out the 
similarity between the findings on the 
lacrymal gland and those of other authors 
on the regenerating salivary glands and male 
mammary glands and stress the apparent 
relation of the physicochemical state of 
basal membranes to the functional state of 
glandular alveoli which they surround, 
Erickson and co-workers '** investigated 
the mobility of tear proteins of a series of 
animals species by paper electrophoresis to 
determine their relation to serum proteins 
and lysozyme. The determinations were 
carried out on at least two samples of in- 
dividual tears from guinea pig, rabbit, cat, 
dog, pig, sheep, goat, cow, horse, Himalayan 
bear, Indian elephant, monkey, and human, 
as well as of some reptiles and birds. The 
protein content of all animals was several 
tenths of a per cent. All the proteins of 
reptiles and birds move more slowly than 
human albumin. Other animals have com- 
ponents which move faster. None of the 
animal tears has a component moving as fast 
as human lysozyme. The other primates, 
however, have a component moving about 
three-fourths as far as human lysozyme. 
This component was also found in some 
breeds of dogs. The component with a 
mobility of three-fourths that of human 
lysozyme can be considered as a “slow-mov- 
ing lysozyme” because tears of animals 
which show this component were active in 
the test for lysozyme with Micrococcus 
lysodeikticus, The authors point out that 
the column chromatography of crystalline 
egg white lysozyme by Tallan and Stein 
yielded three components. The ratio of 
electrophoretic mobilities in free electro- 
phoresis of two major of the three com- 
ponents was very nearly the same as that of 
the human and primate lysozyme in paper 
electrophoresis. Most of the animals, with 
the exception of guinea pig and rabbit, have, 
furthermore, a fairly high concentration of 
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a protein which behaves in paper electro- 
phoresis like y-globulin of human serum. No 
other protein was found in these species. 
Guinea pig has an unidentified very-fast- 
moving component, while the rabbit seems 
to have a high concentration of albumin. 
Sheep, goat, and horse show one component 
at the origin and one of greater electro- 
phoretic mobility than that of human al- 
bumin. 

Mayer and co-workers determined 
hyaluronidase in the iris, cornea, aqueous 
humor, and ciliary body of the rabbit by a 
method based on the ability of the enzyme 
to decapsulate certain strains of streptococci. 
The method permitted determination of con- 
centrations of the enzyme down to 0.006 
TRU. No significant amounts of hyaluroni- 
dase were found in any of the ocular tissues 
of the rabbit investigated. Control experi- 
ments with additions of known amounts of 
hyaluronidase to the tissues demonstrated 
that the negative results could not be due 
to destruction of the enzyme by the ex- 
perimental procedure. 

Sato '** found considerable amounts of 
carbonic anhydrase in the external and in- 
ternal granular and reticular layers of the 
retina; less in the lens fibers than in the 
ciliary body, iris, and epithelial layer of 
the cornea, and none in the lens capsule and 
deeper layer of the cornea. The administra- 
tion of acetazolamide did not affect this 
enzyme in the eye. 

According to Takagi and Hama,!** in 
most animals the activity of B-glucuronidase 
is most vigorous in the uvea, particularly 
in the ciliary body, than in the retina and 
choroid, It is very weak in the lens, vitreous, 
and serum. Among animals, cats have the 
highest level of the enzyme. The enzyme 
increases in the secondary aqueous. 

Centanni '** determined mono-glycuroni- 
dase activity of the retina, crystalline lens, 
vitreous body, and aqueous humor of normal 
rabbits and compared these findings with 
the values obtained with the brain, liver, 
spleen, and kidney of the same animals. 

De Conciliis determined  insulinase 
activity in normal and pathological ocular 
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fluids and tissues of oxen and rabbits. He 
concludes that the insulin inhibition found 
in ocular fluids with hemorrhages and ex- 
udates is dependent on the presence of 
hematic elements, while the inhibition found 
in the opaque crystalline lens is a conse- 
quence of the proteolytic activity of the 
cataractous lens, 

The same author '° observed in acute and 
chronic hypoglycemia caused by insulin in 
the rabbit an increase of the blood-aqueous 
barrier permeability, venous dilatations, 
fundus hemorrhages, and lens opacities and 
a decrease in retinal respiration. 

Iwasawa 1"! reports that carbon monoxide 
causes a reduction of the cocarboxylase con- 
tent in the retina and optic nerve of rabbits 
but not in the blood, aqueous humors, and 
choroid. 

Intravenous injection of anterior pituitary 
hormones increases, according to Hyodo,"? 
the thiamine content in the ocular tissues. 

Shibata injected P*? intraveneously 
and determined radioactivity in the iris and 
ciliary body and other ocular tissues. It 
takes one hour to reach the peak in the iris 
and ciliary body, and then the tracer de- 
creases gradually. He states that the blood 
circulation and phosphorus metabolism in 
the iris and ciliary seem to be accelerated 
by pilocarpine and impeded by atropine and 
epinephrine. 

Morikawa '* studied lipid deposits in 
normal and pathological ocular tissues. A 
deposit of lipid occurs in submucosa of the 
lacrimal sac in chronic dacryocystitis. There 
is a reduction in fatty substances in the uvea 
in glaucoma and endophthalmitis. A de- 
posit of fatty substance is often seen in the 
sclera, cornea, and occluded angle of the 
anterior chamber. 

Ikeda and co-workers }° studied the non- 
specific ocular reactions under the influence 
of adrenocortical hormones. The authors 
state that administration of sodium bicar- 
bonate and ascorbic acid accelerates the 
manifestation of the nonspecific choroidal 
reaction, 

630 W. 168th St. (32). 
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Correspondence 


FIXATION PATTERNS IN STRABISMIC AMBLYOPIA 


To the Editor:—In an article entitled “Fixation Patterns in Strabismic 
Amblyopia,” by Paul J. Hauser and Hermann M. Burian, which appeared in the 
February, 1987, issue of the A. M. A. Arcuives or OPHTHALMOLOGY, p. 254, 
the authors state in their introduction that the purpose of the paper is to deter- 
mine the validity and limitations of the Brock test as reported by Brock and 
Givner in the A. M. A. Arcuives or OpHTHALMOLOGY (47 :775-786, 1952). 

In this article we concluded (1) that the vast majority of uniocular amblyopes 
fixate eccentrically and that the shift away from the center is greater the more 
profound the amblyopia; (2) that only about 20% of persons with uniocular 
amblyopia fixate along the central-fovea axis of the poor eye on occlusion of 
the good eye; their amblyopia is always moderate; (3) that 80% with alternating 
strabismus are incapable of after-image transfer, while 75% of persons with 
unilateral strabismus show transfer ability. 

The term “transfer” was used to convey the subjective experience of seeing 
an after-image of a vertical light filament in alignment with, or in close proximity 
to, a black dot on a white test chart while the induced eye remained occluded and 
the dot was fixated via the noninduced eye. Eccentricity of gaze was in the 
majority of cases less than 2 degrees and in very few instances more than 3 
degrees. 

In the original paper we stated that the Brock test was based on retinal corre- 
spondence, implying, of course, a fovea-to-fovea relationship, as stated on page 
779. Without such relationship the test responses can have no meaning in terms 
of eccentric fixation. 

Repetition of new test methods is highly desirable in scientific work, and we 
are pleased that Hauser and Burian spent the time they did in investigating our 
findings. However, if a test is to be done for the purpose of proving its impor- 
tance, then it should be done in accordance with the reported test methods. These 
authors mainly reported on results obtained by the following modifications in 
the original test procedure: 

A. Whereas the original test stipulates the exposure of the “good” eye to the 
light filament, Hauser and Burian reported primarily on what happened when 
the procedure was reversed. 

B. Whereas the original test stipulates the fixation of a black dot within 
three concentric circles, Hauser and Burian primarily reported on what happened 
when the black dot was replaced by a point source of light or a vertical light fila- 
ment. 

C. Whereas the original tests were conducted with unselected amblyopes, 
Hauser and Burian limited their report to 25 strabismic subjects, 9 of which were 
known to lack retinal correspondence, while 5 others (Groups IV and V) should 
have been disqualified under the rules set up for the original test. Of the re- 
maining 11 patients, 4 presumably showed the same eccentric transfer under the 
original test conditions that we found, even though the degree of eccentricity 
was not reported. 

It seems to us that Hauser and Burian’s investigation neither validated nor 
invalidated the after-image transfer test but that it contributed information which 
suggest that, when using a vertical light filament or a strong spot source of light, 
an amblyopic eye may be made to fixate centrally, while it does not do so while 
fixating a test letter or a black dot. This is a valuable and a new contribution 
to the understanding of amblyopia. However, the finding that eccentric fixation 
can be obviated by a very intense light stimulus does not invalidate our original 
test any more than saying that a homonymous hemianopsia picked up by a 1/1000 
test object and a low illumination is of no value because it is not present with 
a larger test object and a more intense illumination. 
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The most likely group of unilateral amblyopes to show normal retinal corre- 
spondence was shown to be the nonsquinting amblyopes. Downing (Am. J. 
O phth. 33 :496) stated in 1950 that of 60,000 selectees 855 had amblyopia without 
deviation (there were fewer with esotropia). Sugar, in 1944 (dm. J. Ophth. 
27 :469) found that, of 200 amblyopic patients, 124 had no deviation. It seems 
to us that, in repeating the Brock test, since the nonsquinters comprise the largest 
group of unilateral amblyopes with NRC, they should be the most profitable to 
draw from. 

There can be no doubt that Hauser and Burian’s paper helped to stimulate 
interest in amblyopia, a subject which needs a great deal of further investigation 
to be fully understood. 

IsaporE GIvNeR, M.D. 
FreperiIcK W. Brock, M.D. 
New York 


To the Editor:—-We appreciate the opportunity of replying to the letter of 
Drs. Givner and Brock in the matter of the “transfer test” in amblyopic eyes. 

1. It was of interest to us to note that the authors agree that the status of 
the retinal correspondence is a limiting factor in their test, since this was not 
evident from their original publication. 

2. This is all the more important, because of the sweeping conclusion of the 
authors that “only about 20% of persons with uniocular amblyopia fixate along 
the central-foveal axis of the poor eye on occlusion of the good eye.” Surely, 
such a conclusion cannot be drawn from a test which by its nature excludes a very 
large number of amblyopes. 

3. In view of this, it is not clear how Givner and Brock can claim that their 
tests were conducted on unselected amblyopes. We did not select our patients 
and did not disqualify anyone under the rules of the test, as Givner and Brock 
would have us do with our patients in Groups IV and V. 

4. It is not correct to state, as Givner and Brock did in their letter, that we 
have primarily reported on the results obtained with modifications of their test. 
We have in every case employed the test as described by these authors and have 
based our conclusions on this. In addition, we have reversed the procedure; the 
results were essentially the same with the two methods. 

Neither did we primarily report on what happens when a small fixation light 
replaces the black fixation dot of the original test. But in using such a light we 
obtained a clue for the explanation of our findings. 

5. The comparison drawn by Givner and Brock between the findings with 
and without the fixation light and the detection of a homonymous hemianopsia 
with small test objects is very apt and describes the situation quite well. In 
amblyopia there is a relative weakness of fixation, but not an absolute one. It is 
one of the major points we wished to make. It is also one of the points which 
forced us to conclude that, while we realize the importance of the fixation pattern 
in amblyopia, both for theory and practice, we cannot agree that conclusions as 
to the nature of amblyopia—though they may be valid in themselves—can be 
drawn from the test as originally proposed by Givner and Brock. 

6. Reverting briefly to the matter of anomalous correspondence, the authors 
state in the passage alluded to in their letter that “if the two eyes are binocularly 
integrated, i. e., if normal correspondence exists, the patient reports that he sees 
the contraocularly induced after-image as a vertical streak on the test chart via 
the eye which was not exposed to the light filament.” This sentence implies that 
patients with anomalous correspondence cannot visualize the vertical after-image 
in this test and that it is this that puts the limitation on the use of the test in 
amblyopic patients with anomalous correspondence. Our past (Hansen, A. M. A. 
Arcu, Orpntu. 52:369-374, 1954) and present experience in no way supports 
this contention. 

Paut J. Hauser, M.D. 

Evanston, 

HERMANN M. Burian, M.D. 
lowa City 
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Society ‘Transactions 


COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
1. S. Tassman, M.D., Chairman 
William E. Krewson, 3rd, M.D., Clerk 
April 18, 1957 


Incisions in Cataract Surgery. Joux M. McLean, M.D. 


Incisions and their closure in cataract surgery were reviewed with a brief 
historical outline from the operation of Daviel to the present. Most surgeons 
today prefer the limbal incision above with a conjunctival flap. Arguments for 
the limbal-based and fornix-based flaps were reviewed, and the case for omission 
of the flap was considered. Eccentric or anterior corneal incisions were recom- 
mended in the presence of functioning filtration operations and wholly corneal 
incisions without flaps for bleeders. Short deep posterior scleral incisions were 
recommended for Fuchs dystrophy. 

Accurate multiple radial preplaced corneoscleral sutures are strongly urged 
in all cases. The merits of chromic absorbable surgical (gut) versus nonabsorb- 
able surgical (silk) sutures were discussed, The speaker has always favored 
silk but is inclining more to gut. Better needle design and production is making 
the postplaced suture safer and easier. 

A motion picture of an unusual incision combining a wedge-shaped excision of 
cornea for keratoconus and cataract extraction was presented. 
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Obituaries 


HARRY VINCENT JUDGE, M.D. 
1889-1957 


Harry Vincent Judge was born in Albany, N. Y., on May 11, 1889, and died 
in Albany Hospital on March 3, 1957, of cerebral thrombosis. The son of Patrick 
Henry Judge and Susan E. Mullen, both of Albany, he was married on Dec. 22, 
1922, to Cornelia Mills, the daughter of Arthur D. Mills and Cornelia Knower, 
who survives him, as does his only son, Dr. Harry Mills Judge, and three grand- 
children. 

After graduating from Albany Medical College in 1914, Dr. Judge had a 
general internship of one year in Albany Hospital and then a residency in 
ophthalmology at Wills Hospital, in Philadelphia. World War | took him over- 
seas, where he served in several base hospitals with the rank of Captain. On his 
return to Albany, in 1919, he received appointments on the staff of the Albany 
Medical College and Albany Hospital, serving both institutions for thirty-five 
years. From 1927 until 1954 he was head of the Department of Ophthalmology, 
and upon retiring he was named Emeritus Professor. He also served as Attending 
and Consulting Ophthalmologist on the staffs of the Anthony M. Brady Maternity 
Home, St. Margaret's House and Hospital, and the Greene County Memorial 
Hospital. 


"HARRY VINCENT JUDGE, M.D. 
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Dr. Judge was a member of the Alpha Omega Alpha honorary medical 
fraternity. He received the certificate of the American Board of Ophthalmology 
in 1921. Besides belonging to his county and state medical societies and the 
American Medical Association, he was a fellow of the New York Academy of 
Medicine, a member of the American Academy of Ophthalmology and Otolaryn- 
gology, a charter member of the Eastern New York Eye, Ear, Nose and Throat 
Association, and a member of the Wills Hospital Alumni Association. He was 
one of the very few members from outside the Metropolitan area to be elected 
to the New York Ophthalmological Society, an honor which he treasured highly, 
and until ill health intervened he rarely missed a meeting. 

Although not a voluminous contributor to the literature, Dr. Judge had a 
special interest in the eye problems of children and published papers on “The 
Value of Early Probing for Tearing and Infections” and on “Ankyloblepharon 
Filiforme Adnatum.” 

His social clubs included the Fort Orange Club, the Albany Country Club, 
and the University Club. 

No bare recital of vital statistics can give any clue to the personality that was 
Harry Judge. One would have had to observe him enter a restaurant in the city 
where he spent his entire sixty-seven yeafs, to the accompaniment of “Hi, Harry,” 
“Hello, Professor,” “Good afternoon, Dr. Judge,” as he progressed to his seat, 
to realize the affection in which he was held. Or to see him stop his car along 
a country stream, get out and clamber down the bank to inquire with genuine 
interest of a totally strange fisherman (a “brother of the angle” was his expres- 
sion) how they were biting. At a social gathering no one told a story better, or 
listened more appreciatively. He was an ardent photographer, particularly during 
his vacations at Edgartown on Martha’s Vineyard and in Europe, but his friends 
were never bored with unsolicited exhibitions of his pictures. And in the spring 
and fall he liked to get off occasionally with some of his cronies for a convivial 
weekend without ophthalmological shop talk. This was the Harry Judge whose 
friends were legion; sorely will they miss him. 
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WILLIAM HERMAN STOKES, M.D. 


1894-1957 


Dr. William Herman Stokes died in Lake City, Mich., on April 8, 1957, after 
a recurring illness of many years. He was born in British East India on July 
17, 1894, the son of Herman and Ellen Hill Stokes. He was a graduate of 
Tubingen Gymnasium, in Germany, coming to the United States in 1913. He 
was naturalized in 1918, at which time he was Lieutenant in the Sanitary Corps, 
U.S. Army with the A. E. F. 

Dr. Stokes was graduated from the University of Michigan Medical School 
in 1922 and served the following three years in ophthalmology residency at the 
University Hospital, Ann Arbor, Mich. Margaret Ann Scott became his bride 


on Sept. 22, 1924. 


WILLIAM HERMAN STOKES, M.D. 
1894-1957 


In 1925 Dr, Stokes became ophthalmologist for the Dallas Medical and Sur- 
gical Clinic in Dallas, Texas, where he remained in practice until he was appointed 
Associate Professor of Ophthalmology in the Medical College, University of 
Nebraska, in 1930. He held the Chair of Professor and Chairman, Department 
of Ophthalmology, in the same school between 1933 and 1943, when he was forced 
by illness to resign. Since retirement he had been conducting a limited practice 
in Lake City, Mich., but continued to maintain an active attendance at national 
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meetings. He was a fellow of the American College of Surgeons and of the 
International College of Surgeons. 

Dr. Stokes’ death was a serious blow to the community he had been serving 
and to his colleagues in Michigan. His frequent visits to the University Hospital 
were always much appreciated by the ophthalmology staff because of the advice 
and counsel given the younger members. 

Dr. Stokes is survived by his wife Margaret Ann. 
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JOHN HERBERT WAITE, M.D. 


1889-1957 


Dr. John Herbert Waite, former Professor of Ophthalmology at the Harvard 
Medical School and member of the Editorial Board of the Archives of O phthal- 
mology, died on Feb. 23, 1957. 

Dr. Waite was born Nov. 24, 1889, in Bellefonte, Pa. He was graduated from 
Bucknell College magna cum laude and while earning a Master of Science degree 
he worked in the laboratories of biology at State College, Pa. He was graduated 
from Harvard Medical School in 1916 and then spent a year studying pathology 
under the direction of Dr. Frederick B. Mallory at the Boston City Hospital. 
He then entered the service of the Rockefeller Foundation, and he was first 
assigned to the hookworm problem in the Southeastern United States. His work 
on this problem was considered outstanding, and he was next sent to New Guinea 
as one of the pioneers in the work of the Foundation on Parasitic Diseases. 
After organizing the work in New Guinea he became a travelling fellow for the 
Foundation, and his journeys took him to India, China, Japan, and other Far 
Eastern countries. 

He returned to the United States intending to further his training in internal 
medicine. After a year as a medical resident in Albany, N. Y., he decided, 
however, that a chronic hearing difficulty made him unsuited for this field, and 
he entered the Massachusetts Eye and Ear Infirmary in Boston to take specialty 
training in ophthalmology. 
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1889-1957 
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Upon completion of his residency training he became a Teaching Fellow at 
Harvard University and a faculty member at Harvard Medical School. Between 
the years 1931 and 1941 he was Clinical Professor of Ophthalmology at Harvard 
and Chief of Ophthalmological Service at Massachusetts Eye and Ear Infirmary. 

In 1936 he was honored by his college, Bucknell, with the degree of Doctor 
of Sciences. 

He was one of the early proponents of complete training in basic sciences for 
all ophthalmologists, and he was emphatic in his insistence upon making basic 
science instruction available at the graduate level. He was on the Editorial Board 
of the Archives of Ophthalmology from 1929 to 1942 and was a member of the 
Board of Honorary Consultants to the Army Medical Library from 1946 until 
his death. 

He was a fellow of the Massachusetts Medical Society and of the Boston 
Medical Library and a member of the American Association for the Advance- 
ment of Science, New England Ophthalmological Society, and American Oph- 
thalmological Society. He was President of the New England Ophthalmological 
Society in 1939. He was also a member of Phi Beta Kappa, Phi Gamma Delta, 
and Nu Sigma Nu. 

Dr. Waite brought to the problems of ophthalmology a basic approach which 
he maintained throughout his life. He was a physician primarily and considered 
the eye as a window into the physiology of the body as a whole. Those who 
had the privilege of working under his tutelage were well acquainted with his 
intense interest in medical science as a whole and ophthalmology in particular. 
He was at times considered a stern task-master—but he never asked as much of 
others as he himself gave. He possessed a penetrating understanding of human 


nature coupled with a genuine sense of humor which endeared him to his patients, 
and his ability, energy, and integrity earned for him the affection, respect, and 
admiration of his colleagues. 
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News and Comment 


PERSONAL 


William M. Hart.—William M. Hart has been appointed chairman of the 
department of Ophthalmology at the Sibley Memorial Hospital of American 
University, Washington, D, C. Construction of the new 350-bed hospital and 


nursing school will begin this fall. One half of the seventh floor, comprising 30 
beds, will be reserved for eye patients, 


Dr. Derrick T. Vail.—Dr. Derrick T. Vail, professor and chairman of the 
department of ophthalmology in the Northwestern University medical school, 
was honored Tuesday, July 2, by members of the Oxford Ophthalmological 
Congress at Oxford, England, for his outstanding contributions to the field of 
ophthalmology. 

A world-wide organization, the Oxford Ophthalmological Congress was 
founded in 1909 by Kobert Doyne, a famous British ophthalmologist. Each year 
an international council invites an outstanding eye surgeon to deliver the Doyne 
memorial lecture and to receive the Doyne medal. Dr. Vail is the second American 
in the history of the Congress to be so honored, 

Subject of his address to the group was the zonule membrane, an important 
factor in cataract surgery. The lecture was given at Keble College of Oxford 
University. 

During World War II, Dr. Vail was in charge of all eye work in the European 
Theater of Operations. He has received the Legion of Merit, the Bronze Star 
Medal, the Order of the Crown of Belgium, and the Medal of Gratitude from 
l‘rance. He is an honorary member of the Ophthalmological Society of the 
United Kingdom and an honorary fellow of the Royal College of Surgeons. 


ANNOUNCEMENTS 


Asia-Pacific Academy of Ophthalmology..lhe Asia-Pacific Academy of 
Ophthalmology is sponsoring a good-will tour to countries of the Orient following 
the International Congress of Ophthalmology in Brussels in September, 1958. 
The purpose of this tour, which is to last approximately one month, is to hold 
joint meetings with ophthalmologists in Pakistan, India, Burma, Thailand, the 
Philippines, Hong Kong, and Japan. It is expected that this good-will tour will 
create much interest among ophthalmologists in the countries to be visited and 
contribute greatly to American-Asiatic medical rapprochement. 

Our government has given its wholehearted support to the plan of stimulating 
and facilitating a continuing exchange of information and techniques, treatments, 
and devices for the care of the ill and the blind, 

The reception of a group of ophthalmologists the world over will certainly 
be most cordial and will assure the success of this enterprise. 

The ophthalmological material in all the countries is extremely interesting 
and should be of great value to members of the tour, 

The Asia-Pacific Academy of Ophthalmology has been organized in 1957. 
Its principal purposes are to extend ophthalmologic knowledge and to advance 
the arts and sciences of ophthalmology and related sciences in Asia and in 
countries bordering the Pacific Ocean; to stimulate research in tropical and 
systemic eye diseases, that are particularly prevalent in Asia and in countries 
bordering the Pacific Ocean; to cultivate social and fraternal relationship of 
physicians residing in Asia; to offer postgraduate instruction in ophthalmology 
through the medium of lectures, round-table discussions, seminars, clinics, films, 
and other means. 

Further announcements regarding the itinerary and the exact dates of this 
good-will trip will appear. In the meantime, additional information may be ob- 
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tained by writing to the Liaison Secretary, Asia-Pacific Academy of Ophthal- 
mology, Suite 280, Alexander Young Building, Honolulu 13, Hawaii. 


Second Cruise Congress.—The Second Cruise Congress of the lDan- 
American Association of Ophthalmology will take place on the Queen of Bermuda, 
leaving New York on Feb. 1 and returning to New York on Feb. 14, 1958. The 
Second Cruise Congress is a bona fide interim meeting sponsored by the Pan- 
American Association and will be conducted similarly to previous interim 
Congresses. The scientific program will consist of lectures, demonstrations, 
papers, and motion pictures of surgical and technical procedures. Several com- 
mercial firms have expressed an interest in the Cruise and have inquired about 
technical exhibit space. 

The social program is now in preparation. In addition to meetings aboard the 
boat, there will be an opportunity to see the eye, ear, nose, and throat hospitals 
and to meet the staffs of medical schools in the island ports. Nearly 300 registra- 
tions have been received, and the list is growing larger every week. There is a 
good choice of cabins still available, both in type and rate, though some types are 
exhausted. Members of the Congress and prospective members are urged to 
write Mr. Leon V. Arnold, official travel agent, immediately, as the unclaimed 
cabins cannot be held indefinitely. 

Membership in the Cruise Congress of the Pan-American Association of 
Ophthalmology is contingent upon registration with, and the purchase of Cruise 
tickets through, the official agent, Leon V. Arnold, 33 Washington Square West, 
New York 11. 

Registrations for the Cruise Congress are automatically made when orders 
for ship reservations are received by Mr. Arnold. The fee for registration and 
entertainment is included in the ticket purchase price, 

Application has been made to the U, S. Treasury Department to have the 
Congress listed as an educational meeting for purposes of deduction from re- 
portable income for tax estimation. 


GENERAL NEWS 


Japanese Journal of Ophthalmology.—.A new ophthalmic journal has ap- 
peared on the scene, this time from Japan, written entirely in English. The 
editor-in-chief, Dr. Hogari Hagiwara, is the Professor of Ophthalmology at the 
University of Tokyo, who decided that the one-way street of the Japanese 
reading English journals while the Japanese authors could not be given a hearing 
in their own language was not good, either for the Japanese or for the rest of 
the ophthalmological world. He and his editorial board are to be congratulated 
on this first volume, which is almost entirely made up of research papers. The 
I:nglish in most of the articles is fair, and perhaps one should not expect that it 
be perfect and couched in idiomatic vernacular. On the other hand, it would 
improve the magazine considerably for the English readers of the manuscripts 
had been given another editing by an English-speaking manuscript editor. The 
paper, printing, and illustrations are excellent, and, if the high standard of this 
first volume can be maintained, this journal will be a very definite contribution 
to scientific ophthalmology. 


The Annual Meeting of the International Council of Ophthalmology.—The annual 
meeting of the International Council of Ophthalmology was held in London at the Royal 
College of Surgeons on April 10, 1957 

Present at the meeting were Duke-Flder (President), Berens (Vice-President), Hartmann 
(Secretary), Amsler (Treasurer), Alvaro (Brazil), Arruga (Spain), Bietti (Italy), 
Charamis (Greece), Coppez (Belgium), Franceschetti (Switzerland), Lyle (Great Britain), 
Marshall (Canada), Palomino Dena (Mexico), Paufique (France), Samuels (U.S. A.), 
Thiel (Germany), and Weve (Holland). 

Also present were Copper, co-opted Secretary in charge of the “Index Ophthalmologicus,” 
and Francois, the Secretary-General of the XVIIL Congress. 

A résumé of the main business of the meeting is as follows 
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Regrets were expressed for the death of Sir Jamshedji Duggan, who represented Asia 
on the International Council, and congratulations were sent to Professor Marquez in Mexico, 
the President of the XIV International Congress in Madrid in 1933, on the attainment of his 
85th birthday. 

The Treasurer's report showed that the finances of the Council were in a healthy condi- 
tion, most countries internationally federated having paid their dues. It was reported that 
the Department of Health at Washington had given a grant of $10,000 toward the organiza- 
tional expenses of the XVIII Congress in Brussels and to aid in the publication of the 
Proceedings. This gift was warmly welcomed. 

The Gonin Medal for 1958 was awarded to Prof. Alan Woods, of Baltimore. 

The statutes of the International Federation and of the International Council and the 
rules for running International Congresses were considered in detail. It may be recalled that 
these were provisionally adopted at the International Congress in 1954; the revised rules 
will be supplied to all delegates of the federated ophthalmological societies throughout the 
world, and it is hoped that these rules will be finally adopted in the Congress at Brussels 
next year. 

The report of the Committee for the Testing of Color Vision in Transport Workers was 
passed unanimously. Pseudoisochromatic plates are recommended as a means of testing, 
either those of Ishihara or the Swedish test of Bostrom of 1950. This will be brought up to 
the meeting of the Federation in 1958 for confirmation. 

The “Polyglot Dictionary of Ophthalmological Terms” was discussed. This publication 
is now at a far-advanced stage of preparation, and it is hoped that it will be available for 
sale at the Congress in Brussels. The Dictionary is in five languages—English, French, 
German, Latin, and Spanish, 

The affiliation of supranational societies (groupings of regionally related nations) with 
the International Council was considered. It will be remembered that the Pan-American 
Association of Ophthalmology is associated with the Council in this way and sends a repre- 
sentative to its meetings. The progress of the development of a corresponding Pan-European 
Society of Ophthalmology was considered, and the Council decided to await its further 
development during the next year in the hope that the Federation would agree to its affilia- 
tion also. There is a similar movement to form an Asia-Pacific Academy of Ophthalmology 
representing nations bordering the Pacific Ocean; the Council also hopes that the organization 
of this new body would have advanced sufficiently to give consideration to it in 1958. 

A request for the admission of the Polish and Rumanian Ophthalmological Societies to 
the Federation was received from these countries; to this the Council agreed on completion 
of the necessary formalities. 

A report of a subcommittee to decide on the methods of inviting delegates to International 
Congresses was received and agreed upon. In essence, it was decided that invitations could 
be made through diplomatic channels or, alternatively, the consent of the Government of the 
host country having been obtained, through ophthalmological channels, whichever method 
was easier in any particular case. 

A suggestion that clinical research should be correlated in different countries throughout 
the world by the International Council was discussed, but a decision on the subject was post- 
poned until the next meeting of the Council. 

The President (Coppez) and the Secretary-General (Francois) of the XVIII Inter- 
national Congress, to be held in Brussels in September, 1958, reported on the progress of 
their arrangements. It would appear that from both the scientific and the social points of 
view the meeting promises in every way to be a success. 

The Centenary of International Ophthalmology. \n view of the fact that the first Inter- 
national Congress was held in 1856, the President was charged in 1956 to write a short 
history of the first hundred years of international ophthalmological relationships. The proofs 
of this book were laid on the table, and it was decided that the Council should present it as a 
gift to delegates attending the International Congress in 1958; thereafter the book will be 
sold on the open market. 

A report was received from Copper on the state of the publication of the “Index Ophthal- 
mologicus for 1958." Preparations of this volume are well in hand, and it will comprise some 
350 pages. Arrangements have been made for it also to be distributed to all delegates to the 
International Congress. It was also noted that there were some 1000 copies of the “Index 
Ophthalmologicus” published in 1954 as yet unsold; in view of the fact that a new edition 
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will appear in 1958, it was decided that a copy of the old Index would be sent free of charge 
to any ophthalmologist who applied for it. 

The president of the Professional Association of German Ophthalmologists appealed to 
the Council to put on record their opinion, initially given in 1933, that refraction of the eye 
was essentially a medical act which should be performed by medically qualified persons ; 
this the Council confirmed, 

It was noted that the German Ophthalmological Society would celebrate its 100th anni- 
versary in September, 1957. All members of the Council were cordially invited by Thiel 
to take part in this meeting. 


The next meeting of the International Council was fixed to take place in Brussels on 
Sept. 6, 1958. 


SOCIETY NEWS 


Fourth Interim Congress.—-Sight-saving and inter-American friendship 
were twin objectives at the joint session of the Fourth Interim Congress of the 
Pan American Association of Ophthalmology and the annual conference of the 
National Society for the Prevention of Blindness (U. S.), held in New York, 
April 7-10, 1957, with headquarters at the Hotel Statler. 

More than 1000 persons devoted to the saving of sight registered for the 
Congress. Of 540 who attended the Pan American Association’s session, some 
400 were practicing ophthalmologists, 74 were residents in ophthalmology, and 
71 were visiting ladies. 

Sixty-six ophthalmologists represented the Latin American countries. Brazil 
sent the largest delegation, 19; Mexico was second with 14. Other countries 
represented were Argentina, Bolivia, Chile, Colombia, Costa Rica, Cuba, Dominican 
Republic, El Salvador, Jamaica, Nicaragua, Panama, Paraguay, Puerto Rico, 
Uruguay, and Venezuela. Seven came from Canada, and one came from the Virgin 
Islands. The annual conference of the National Society for the Prevention of 
Blindness attracted some 500 physicians, nurses, educators, and volunteer workers. 

The Conference opened with a luncheon meeting attended by more than 200 
guests. They were welcomed by the following officials of the organization, the 
City of New York, and the Federal government: Dr. Brittain F. Payne, President 
of the Association; Mr. Mason H, Bigelow, New York, President of the National 
Society; Dr. Moacyr E. Alvaro, Sao Paulo, Brazil, Executive Director of the 
Association; Mayor Robert F. Wagner of the City of New York; Dr. Frank B. 
Berry, Washington, D. C., Assistant Secretary of Defense for Medical Affairs ; 
Major General Dan C. Ogle, Washington, D. C., Surgeon General, U. S. Air 
Force. 

Mayor Wagner greeted especially “those who have journeyed from one or 
another of our sister republics.” He continued: 

“We are grateful for this opportunity to meet with you and share not only 
the valuable messages of science but to enjoy the equally significant personal 
friendships which form the firmest basis for true and lasting international under- 
standing.” 

The Mayor urged that, in order to stem the tide of loss of sight, “each 
physician’s office, each clinic and each hospital become a screening site for early 
recognition of diseases of the eye,” with referral to ophthalmologists for special- 
ized care. 

General Ogle spoke of the fraternal understanding and the extension of 
knowledge developed through the Congress and pointed out that, through such 
efforts, it is becoming less necessary for the afflicted to make long pilgrimages 
for professional care. Dr. Berry also dwelt upon the opportunities for spreading 
medical service through international contacts as they have been experienced in 
the military service. 

The Congress received high recognition in a message from President Eisen- 
hower: 

“Please give my greetings to the Interim Congress of the Pan American Asso- 
ciation of Ophthalmology and the National Society for the Prevention of Blind- 
ness. 
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“Your common efforts demonstrate the many values of cooperative approach 
to the solution of problems we face together. With your impressive record of 
achievement, you are an inspiration to all citizens who are working to promote 
the health and welfare of the Americas, 

“Best wishes for the success of your meeting.” 

Another significant message came from Helen Keller, who urged the physicians 
and other workers to “deepen and widen research into the causes of blindness 
and encourage progress in new methods and techniques.” 

The opening session was the scene of the presentation of Leslie Dana Gold 
Medals for the Prevention of Blindness to two distinguished leaders: Mrs. 
Eleanor Brown Merrill, formerly Executive Director of the National Society, 
now living in Baltimore, and Miss lvelyn Carpenter, formerly Executive 
Secretary of the Philadelphia Committee for the Prevention of Blindness. The 
Dana Medal is awarded by the St. Louis Society for the Blind. 

The scientific sessions of the two organizations were held separately. The 
Pan American Association held symposiums in the mornings, Monday through 
Wednesday. These dealt with diseases of the ocular fundus, ocular surgery, and 
ocular therapy. 

Members of the panel on the fundus were Drs. George N. Wise, New York, 
moderator; William R, Houston, Mansfield, Ohio; William H. Havener, Colum- 
bus, Ohio, and Bertha A, Klien, Chicago. 

Discussing surgery were the following: Drs. John H, Dunnington, New York, 
moderator; Ramon Castroviejo, New York; Paul A. Chandler, Boston; Edward 
W. D. Norton, New York; Dohrmann K. Pischel, San Francisco; R. Townley 
Paton and Algernon B, Reese, both of New York. 

The symposium on therapy was presented by Drs. Irving H. Leopold, Phila- 
delphia, moderator; Isadore Givner, New York; Dan M. Gordon, New York; 
Thomas Rk, Hedges, Philadelphia; George A. Hyman, New York, and Frederick 
H. Theodore, New York, 

Nine Latin American physicians delivered official papers representing their 
own ophthalmological societies. These were Drs. Honorio Campuzano, Asuncion, 
Paraguay; Almiro Pinto de Azeredo, Rio de Janeiro, Brazil; Jesus Rhode, 
Caracas, Venezuela; Guillermo Pico, Santurce, Puerto Rico; Humberto Escapini, 
San Salvador, El Salvador; Fontes Lima, Rio de Janeiro; Antonio Ros, Mexico 
City; José Siqueira de Carvalho, Rio de Janeiro, and José Alberto Sena, Buenos 
Aires, Argentina. 

The afternoon sessions Monday and Tuesday were devoted to free papers, 
interspersed with motion pictures. Among the speakers were the following: 

Dr. John Harry King Jr., Washington, D. C., on “Lamellar Keratoplasty 
with Preserved Corneas” 

Dr. Brian J. Curtin, New York, on “Aniseikonia Following Retinal Detach- 
ment” 

Dr. H. Saul Sugar, Detroit, on “Coats’ Disease” 

Dr. Peter H, Ballen, New York, on “Therapeutic and Reconstruction Surgery 
of Lye Burns” 

Dr. Harvey E. Thorpe, Pittsburgh, on “Injuries and Foreign Bodies of the 
Anterior Chamber Angle” 

Dr. Louis Daily, Houston, Texas, on “Iridectomy for Essential Atrophy of 
the Iris” 

Among other subjects, the films dealt with cataract extraction, scleral buckling, 
surgery of ocular trauma, extraction of subluxated lens with scleral ring, tucking 
of tendon of superior oblique muscle, and newer procedures in ocular surgery. 

The Conference banquet, held Tuesday evening, April 9, was a brilliant 
event, with two eminent speakers: Dr, Howard A. Rusk, Director of the famed 
Institute of Physical Medicine and Rehabilitation at the New York University- 
Bellevue Medical Center and Associate Editor of the New York Times, and Mr. 
Adolf A. Berle Jr., New York, former Assistant page of State, former 


Ambassador to Brazil and author of recent books in the fielc 
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Dr. Rusk spoke of the “great surge forward of international communications 
and the sharing of knowledge among professions.” He said, 

“This Pan American Association of Ophthalmology is an example. Its 
members are motivated not only by the professional aspects of giving, receiving 
and sharing knowledge, but by their recognition that it is only through such 
activities that the chain of international understanding can be welded, 

“We recognize that in today’s world, international diplomacy and the develop- 
ment of international understanding cannot be solely the responsibilities of the 
diplomat, but they are responsibilities which must be assumed by all of us in our 
roles as professional persons and individual citizens.” 

Mr. Berle emphasized the opportunity which physicians have for the promo- 
tion of understanding among people of different countries. Medicine gives them 
a common platform which politicians do not have, he observed. 

Memorial tributes to two prominent members of the Association were de- 
livered during the banquet. Dr. G, Stuart Ramsey, Montreal, spoke of the late 
Dr, Henri Pichette, Quebec, vice-president for Canada, and Dr, Daniel Snydacker, 
Chicago, gave a eulogy of Dr. Thomas D. Allen, Chicago, late secretary-treasurer 
for North of Panama. 

The social aspects of the Congress were notable. An event of special interest 
was a reception given by Mayor Robert I’. Wagner and Mrs. Wagner at Gracie 
Mansion, the Mayor’s official residence. Among New York ophthalmologists who 
entertained at private parties were Dr. and Mrs, Payne, Dr. and Mrs, Milton 
serliner, Dr. and Mrs. Wendell L, Hughes, Dr. and Mrs. Conrad Berens, Dr. 
and Mrs, Algernon B, Reese, and Dr, and Mrs, G. Bonaccolto, Vor the wives 
of the visiting physicians a breakfast and fashion show was arranged in a leading 
department store, B. Altman and Company. 

The consensus of those who were so fortunate as to attend this first New York 
meeting of the Pan American Association of Ophthalmology was that it was 
eminently successful. The local committee on arrangements, under the leadership 
of Dr. Payne, with subcommittees responsible for separate phases of the meeting, 
devoted unnumbered hours to planning and carrying out the plans. 

Chairmen of the committees were Drs. John M. McLean, for the scientific 
program; Wendell L. Hughes, motion pictures; J. Gordon Cole, surgical clinics; 
Gerald Fonda, exhibits; Elizabeth Constantine, entertainment; Frank H. Con 
stantine, public relations, and Girolamo Bonaccolto, housing and _ registration. 
In addition, the Committee had the advice and assistance of Dr. Conrad Berens, 
past president, and Dr. Algernon B. Reese, member of the Executive Committee ; 
Dr. Franklin M. Foote, Executive Director of the National Society for the 
Prevention of Blindness, and Mrs. Virginia Smith Boyce, Assistant Director, as 
well as of the New York Convention and Visitors Bureau. 

The Association now looks forward to its next assembly, a Caribbean cruise 
Congress scheduled for Feb, 1-14, 1958. More than 300 have already made 
reservations for the cruise, which will be held aboard the Queen of Bermuda. 
Dr. William L. Benedict, Rochester, Minn., is chairman of the organizing com 
mittee, 

A program of lectures, seminars, and motion pictures is being planned for 
sessions to be held on shipboard. The party will visit San Juan, Puerto Rico; 
Ciudad Trujillo, Dominican Republic; Kingston, Jamaica; Port-au-Prince, Haiti ; 
and Nassau in the Bahamas. 

Information about the cruise may be obtained from the travel agent, Mr, Leon 
V. Arnold, 33 Washington Square West, New York 11. 

Dr. J. Wesley McKinney, Memphis, is Executive Secretary of the Association 
for countries north of Panama, and Dr. Jorge Balza, Buenos Aires, for those 
south of Panama, 
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Human Factors in Undersea Warfare. By the Committee on Undersea War- 
fare. Price, not given. National Academy of Sciences, National Research 
Council, 2101 Constitution Ave., Washington 25, D. C., 1949, 

In 1946 the Committee on Undersea Warfare of the National Research 
Council was established at the request of the Office of Naval Research. The 
function of this Committee was to advise the Navy upon matters pertaining to 
scientific problems and research related to submarine warfare. This book is the 
result of studies made under the jurisdiction of this Committee. Its chief interest 
to ophthalmology is of course in the field of general visual problems, as the head- 
ings of the following chapters will show: 

I. How We See: Summary of Basic Principles, including “The Night Look- 
out,” by Wedall and Riggs, and “The Design and Use of Optical Instruments,” 
by Riggs.—A,. Japannas 

II, Printed Materials, Maps, and Charts.—Crook 

The Design and Use of Instruments.—-Kappauf 

IV. Visibility on Radar Scopes, including “The Visual Display of Complex 
Information,” by Gebhard.—Williams 

In a supplement there are further chapters which deal with the eye, such as 
“Visual Communication,” by Verplanck, and “Lighting and Color,” by Tinker. 
This was published in 1954. These volumes will be of interest to all research 
workers in retinal physiology. 
The Eye in General Practice. 
with 25 illustrations. 
Edinburgh 1, 1957. 


bv C. R. S. Jackson. Price, $5.00. Pp. 152, 
EK. & S. Livingstone, Ltd., 16 and 17 Teviot Place, 


“The Eye in General Practice” is a small manual intended for the general 
practitioner, and it suffers from the general fault of all such books that too much 
is included which the general practitioner will never encounter, such as a para- 
graph on mustard gas keratitis, with insufficient material in the fields where the 
general practitioner can be most helped, as in the description of hypertensive 
retinopathy and diabetic retinopathy. 

The book is well printed, with excellent illustrations. 


Einfiihrung in die Augenheilkunde. by IP. A. Jaensch. Price, $6.55. Pp. 
248, with 197 illustrations. Georg Thieme Verlag, Herdweg 63, (14a) Stutt- 
gart, N, 1957. 

This text has been quite popular in Germany for medical students and general 
physicians, and it is now in its third edition. It is a good compact review of the 
whole of ophthalmology and is well illustrated, but, being written in German, it 
will be useful only to those who read this language fluently, 


Clinical Neuro-Ophthalmology. By Frank B. Walsh. Price, $29.00. Pp. 
1294, with 441 illustrations. Williams & Wilkins Company, Mount Royal 
and Guilford Aves., Baltimore 2, 1957, 

The first edition of this encyclopedic work appeared in 1947, and it virtually 
revolutionized the study of neuro-ophthalmology in this country, there being 
no other text in English which so thoroughly covered this field. It immediately 
replaced the standard German text, by Willebrandt and Singer, which had been 
the bible for ophthalmologists brought up in the late nineteenth century. 

This edition has all the splendid attributes of the first, plus an added ten years 
of accumulated literature. As the book has grown in size, it is unwieldy as pub- 
lished in one volume, and it is to be hoped that the publishers will make a re- 
printing, divided into two separate volumes, which, even if more expensive, would 
be appreciated by those who like to take their serious reading in the evening in a 
semireclining posture. 
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Survey of Neurobiology. Price, not given. National Academy of Sciences, 
National Research Council, 2101 Constitution Ave., Washington 25, D. C., 
1952. 


This pamphlet of 40 pages deals with a summarizing of recent knowledge 
in the fields of neurobiology. There is a chapter on neurophysiology by Bard 
and a chapter on neureanatomy by Clark, which will be of interest to ophthal- 
mologists, also a chapter by Penfield on basic and applied science in the field of 
neurology. The other chapters are mainly of interest to neurologists. 


Radiodiagnostic en ophthalmologie. By Edward Hartmann and Evelyn 
Gilles. Price, 5,700 fr. Pp, 412, with 497 illustrations. Masson & Cie, 120 
Boulevard Saint-Germain, Paris 6°, 1956. 

The authors of this textbook have devoted their attention to the rather special- 
ized application of diagnostic radiology in ophthalmology. The work is the 
outgrowth of a monograph published in 1936 by the senior author, an ophthal- 
mologist, who, realizing the tremendous advances made in radiodiagnosis since 
that time, sought out the collaboration of a radiologist. 

It is taken for granted that the book has been prepared for the trained radi- 
ologist, and not the student nor the ophthalmologist, since special techniques are 
frequently referred to by personal nomenclature without definition or explanation. 
A regional anatomical approach is used in subdividing the material, and the initial 
chapters dealing with the optic canal and orbital fissures are informative. How- 
ever, some of the unorthodox radiographic projections would be rendered more 
lucid by means of labeled line drawings such as are found in the chapter on the 
calvarium, Techniques of orbital pneumography and the application of this pro- 
cedure are well described. 

One portion of the book of extreme practical value is the chapter devoted to 
the localization of foreign bodies in the eye. Chapters dealing with the nasal 
sinuses and calvarium seem inadequately related to the subject of ophthalmology, 
while those chapters describing the apex of the petrous ridges and sella turcica 
are better coordinated with problems relating to the eye, for obvious reasons, 

A cursory chapter on arteriography, ventriculography, etc., is entered, as 
witnessed by the apologies in the introduction and first paragraph of the chapter, 
only as a device to whet the appetite of the interested reader and urge him to seek 
better works on the subject. Phlebography of the superior ophthalmic vein is 
described. This valuable section, although too brief, represents one of the im- 
portant recent advances permitting investigation of the retrobulbar area. It is 
surprising that no mention is made of angiography of the ophthalmic artery and 
choroid plexus of the eye (Schurr, P. H.: Brit. J. Ophth. 34:473-478 ( Aug.) 
1951). 

The final chapter, relating cervical spine diseases to symptoms and signs in 
the eye of various sorts, seems a little tenuous, 

Many of the illustrations are excellent, although, as mentioned before, clarifi- 
cation by line drawings is frequently indicated. The European tradition of using 
positive radiographic illustrations is employed, and this probably aggravates the 
limited quality of the tomographs, which are next to impossible to reproduce 
photographically by any means. 

The book is well indexed and contains a good bibliography. Certainly in its 
present form it is a more valuable contribution to the radiologist than to the 
ophthalmologist. 


Year Book of Eye, Ear, Nose and Throat (1956-1957 series). Edited by 
Derrick Vail, M.D. Price, $7.00. Pp. 448, with 128 illustrations. The Year 
s00k Publishers, Inc., 200 FE, Illinois St., Chicago 11, 1957, 

The 1956-1957 Year Book of Eye, Ear, Nose and Throat continues the review 
of the year’s literature ably annotated by Dr. Derrick Vail. As in time past, this 
is probably the most valuable part of the book, as Dr. Vail has the happy facility 
of bringing home the outstanding features of an article, oftentimes with humor. 
Of particular benefit to the reader is the inclusion of illustrations which have 
been taken from the articles, which makes this publication unique in its field. 
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Documenta Ophthalmologica: Volume X. l’rice, not given. Uitgeverij Dr. 

W. Junk, ’s-Gravenhage, Netherlands. 

This recurrently published summary of advances in ophthalmology covers 
various phases of ocular physiology, such as the threshold measurements on the 
light reflex of the pupil and the dark-adapted eye, the intracapsular mechanism 
of accommodation, and disturbances in the electroretinogram caused by blinking 
and eye movements. Other more clinical subjects covered are light coagulation 
of the retina and iris, the diagnosis and therapy of glaucoma, and transplantation 
of the lens from the eye of a corpse. In this last communication, by V. Cavka, 
is reported the case of a 32-year-old man with total adherent leucoma of the right 
cornea and a complicated cataract in the left eye. The left eye was completely 
blind. The cataract in the left eye was removed, and the lens of a dead person 
was transplanted. The transplantation was completely successful and was without 
irritation, and the intraocular pressure remained normal. Three months after the 
operation the transplanted lens was entirely transparent, and when seen last, six 
months after the operation, the lens was still perfectly clear. 


Ophthalmologia Endocrina. Ly Gregorio Maranon. 
351, with 151 illustrations, many in color, 


This book in Spanish covers the field of ophthalmic endocrinology, but it 
includes many conditions such as diabetes, Graves’ disease, pigmentary degenera- 
tion of the retina, and others which are fully covered in other texts on medical 
ophthalmology. For those who read Spanish this will form an excellent review 
of our existing knowledge in all fields of ophthalmology related to the glands 
of internal secretion. The section on diabetes has been extremely well done. 


JAMA Clinical Abstracts, 1957. Selected by I. Phillips Frohman, M.D. Price, 
$5.50. Intercontinental Medical Book Corp., 381 Fourth Ave., New York 
16, 1957. 

In the section on eye, ear, nose, and throat of this 1957 selection of abstracts 
taken from The Journal of the American Medical Association the editor lists 
fifteen pertaining to the eye alone, Throughout the book there are occasional 
other references to ocular complications of general disease. However, there are 
not enough to make this collection worth while to most ophthalmologists, although 
it may have some usefulness to the general practitioner. 


Price, not given. Pp. 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers, 


e their component antibiotics rarely sensitize. 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 ce. with sterile dropper. 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


brand Polymyxin B-Bacitracin-Neomycin 
with 1% Hydrocortisone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


K BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


bes 
ag. 
. 
Polymyxin B-Bacitracin-Neomyein 
A 


THE BRAWNER G-L 
A Modern Juclusion Implant 


is the ideal implant for enucleation operations. 


It is designed to simplify the operation—Eliminate muscle isolation—Minimize 
the possibility of extrusion or migration—Shorten post-operative hospital time— 
AND— 

“It lets the patient decide” if he prefers a less-expensive conventional plastic reform 
eye with limited motility, or a Custom “Matching-back” prosthesis for adequate 


motility, 


Fy information, including description, 
prices and operative technique, as sug- 
gested by Dr. Brawner, will be sent on 


request. 


Laborator | 


737 East Main Street 


__ Richmond 19, Virginia 


“services that will 


QUALITY SERVICE 
Technical skills and 


Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 
Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 


of -existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. £. DOW, Pres. 


Chicago, Ill. Bloomington, Ill. 
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Determining acuity, convergence, 
and punctum proximum of accommodation 
are done efficiently with the Accommo- 
dometer. Held in one hand, it presents 
a variety of easily changeable symbols 
at close distances measured from the 


outer orbital rim. Acuity at one-third 
meter is determined by symbols graduated 
from 20/400 to 20/20. 


ACCOMODATIVE ESOTROPIA diagnosis and treatment finds the 
Accommodometer valuable for determining accurately the least hyperopic 
correction which will maintain good vision and good binocular alignment. 


Various techniques are described in literature we will be happy to send 
you. 


Catalog on request: 
518 Powell St. 


San Francisco, California 


SCHIOTZ TONOMETER 


Maintenance and Repair Service 


ARE YOUR TONOMETERS STANDARD? 


Many tonometers in use today do not conform to the standards of the 
Committee on Standardization of Tonometers of the 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Most tonometers can be made to conform to these standards. 


Our service includes complete check of all parts for size, weight and friction, cleaning, pol- 
ishing, installing new parts if necessary and recalibrating on perfect 16 mm radius test block. 


All tonometers should be serviced once a year to minimize friction. 


Complete service cost is $6.00 plus cost of new parts and mechanical alterations if necessary. 
Pack well and always send FIRST CLASS MAIL. 


Tonometers not requiring mechanical alterations will be returned in two days, 


We have new certified tonometers for rental at modest cost if needed until your tonometers 
are serviced, 


4920 N. Lawrence St. R. Q. Gl | m | JEN Philadelphia 20, Pa. 


Manufacturer of the Berens-Tolman Ocular Hypertension Indicator 


Instruments of ophthalmology: Costenbader Accommodometer | 
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prescription services, the 
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in the field of contact lenses. 


tion to create magnification. 


In the past four or five years tremendous strides have been made 


The use of SPHERCON LENSES for monocular aphakic cases 
alone would justify the study and fitting of contact lenses, not to 
mention the need of binocular aphakic cases. 

To employ contact lenses as a diagnostic instrument is an aid. 
Keratoconus and irregular cornea cases can be often helped by the 
proper utilization of contact lenses. 

Other uses of fitting contact lenses include: cases of distorted 
and discolored eyes (with cosmetic contact lenses); special activi- 
ties, such as sports, in which normal spectacle lenses would be a 
handicap and dangerous; various subnormal vision cases . . 
contact lenses can be used as the objective in the optical combina- 


The use of contact lenses for cosmetic purposes cannot be over- 
looked. There are many other applications for fitting contact lenses. 


| PLASTIC CONT 


EAST MADISON 


NEW YORK UNIVERSITY 
Post-Graduate Medical School 


DEPARTMENT OF OPHTHALMOLOGY offers the 
following courses during the 1957-8 academic 
year 

MOTOR ANOMALIES OF THE EYE (For Sts 
ists) (full time) March 3 through 14, under the 
direction of Dr. Harold W. Brown 

OPHTHALMIC PLASTIC SURGERY (For Special- 
ists) 2 to 5 p.m., March 31 through April 4, un- 
der the direction of Dr. Sidney A, Fox 

SURGERY OF THE EYE (For ialists) (fall 
time) March 24 through 29, Ba mee direction 
of Dr. Rudolf Aebli 

SURGERY OF THE CORNEA (full time) Decem- 
ber 2 through 6, under the direction of Dr. 
Ramon Castroviejo 

NEURO-OPHTHALMOLOGY, 9 a.m. to 12 m., Jan- 
uary 13 through 17, under the direction of Dr. 
Alfred Kestenbaum 

OPHTHALMOSCOPY, 9 a.m. to 12 m., November 
4 through 8, under the direction of Dr. George 
N. Wise 

ANNUAL REVIEW OF OPHTHALMOLOGICAL 
ADVANCES, February 20 through 22, under the 
direction of Professor A, Gerard DeVoe 

OPHTHALMOLOGY (Graduate Course) A_nine- 
month course, given annually under the direction 
of Professor A, Gerard DeVoe 


Fer further information 


Office of The Associate Dean 
NYU POST-GRADUATE MEDICAL SCHOOL 
550 First Avenue, New York 16, N. Y. 


THE MENACE OF ALLERGIES 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicago 10 @ Illinois 


IN THE FIELO OF CONTACT LENSES = 
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AMERICAN BIFOCAL CO., me. 


CONO ITD 
Aspherical Glass 
Ophthalmic LENSES* 


New Sight For 
Limited Vision Patients 


* 

The original aspheric glass lens recently developed by Dr. David 
Volk, as exhibited at the Section on Ophthalmology, A.M.A. 
June 1957. Awarded Certificate of Merit for exceiience of exhibit 
and first prize in the section on Ophthalmology, by the Awards 
committees of the American Medical Association. 


SUPPLIED BY LEADING INDEPENDENT WHOLESALERS 
ABC DISTRIBUTORS 


MANUFACTURED EXCLUSIVELY BY AMERICAN BIFOCAL CO., INC. 


SPECIFY ABC 
For the finest in Kryptoks and Straight-Top Bifocals and Trifocals 


AMERICAN BIFOCAL COMPANY INC. 


1440 ST. CLAIR AVENUE 
CLEVELAND, OHIO 
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of choice 


The Traveling Man 
from Mager & Gougelman 


Eddie Kerr has helped physicians fit 
thousands of patients with artificial 
Ease of use eyes. Like the other experts from our 
Trouble-free, ' i offices, he provides you with technical 
long life | information and assistance on difficult 
Precise diagnosis _ cases. The samples in his case will 
ood match many patients. Or, he can 
. make eyes that perfectly match with 
the materials he carries. One of our 
experienced men visits most areas 
regularly—another reason to call or 
| write our nearest office for your next 
ocular prosthesis. 


glass or plastic 
© Eyes from stock sent on 
} same day order received 


Artificial Eye | 


Implants, 

X-Ray therapy shields, 
foreign body locators 
® Superior Quality— 


Finest Workmanshi 
Ophthalmescopes 
WM and Gougelman tnt. 
g the Profession Since 1851 


30 N. Michigan Ave. E.. 56th St. 
Chicago 2, Illinois New York 22, N. Y. 


| © Eyes custom made— 


CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 
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MAGNIFIERS 


Judge them from any standpoint and you'll agree that I-Gard magnifiers are in a 
class by themselves. 


Accurate magnification for eye comfort is unequalled . . . assured in most types 
by Aspherical lenses covering the widest possible field of view, with perfect 


distortion-free vision from edge to edge. The remarkable I-Gard plastic lenses 
also have high resistance to breakage. 


Comfortable, steady handling results from amazingly light weight, perfection of 
balance and grip design. 


Perfect gifts ... handsomely mounted on ivory-tinted frames. Get full information 
from your I-Gard distributor, or write to— 


lens, 4.50 D. 


Lens 344” x 2%”. 6.500. 
“gard 
| McLEOD O ptical Company 9 I TLC. 357 Westminster Street, Providence 1, Rhode Island 
MODELS D, STAND, FOLDING .. . VARIOUS SIZES AND POWERS 
$1000 Folding $422 Har Strip SA42 Hand Reader S428 Cataract Stand Readers 
1%" 11%", ross Cylinder 4” x 3”, 8D. StandReader 4 Sizes... Monarch shown 


an answer to LOW 
VISUAL 


Experience has shown that Spectel Telescopic 


TELESCOPIC SPECTACLES 


Spectacles effect substantial improvement in 


many cases of low visual acuity. Available in 
two powers, Spectels provide retinal image 


magnification of 1.7 and 2.2 diameters. 


Prescribing Spectel Telescopic Spectacles is pri- 
marily an extension of regular refracting routine. 
Trial sets are simple to use and moderate in price. 


supply house or direct from us. 


KOLLMOR 


NORTHAMPTON, 


DVORINE 


| PSEUDO- 
ISOCHROMATIC 
| PLATES" 
OFFER THESE 


EXCELLENT 
FEATURES 


© A test for color nomenciature, to distinguish the color 
blind from the color ignorant. 


© A special section for testing very young children and 
iNiterates. 


© The set contains 23 plates with eight different color 


combinations, for the identification of specific con- 
fusion colors. 


*The Dvorine Color Vision Test is acceptable to the 
Administrator of Civil Aeronautics as a test of 
color vision in Civil Airmen. 


Price of set $15.00 
Less 5%, if check accompanies order 


SCIENTIFIC PUBLISHING CO. 


Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


Full details in Bulletin 302 available from your 


MASSACHUSETTS 
Distributed in Canada by Imperial Optical Company 


CORPORATION 


Combine your own clinical 
experience with the 
knowledge of experts... 


by reading 


° A.M.A. Archives of 
DERMATOLOGY 


° A.M.A. Archives of 
PATHOLOGY 


° A.M.A. Archives of 
INDUSTRIAL HEALTH 


Write To: 
Subscription Department 


American Medical Association 
535 N. Dearborn Street 
Chicago 10, Ill. 
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' Specialists in ALL TYPES of Plastic and Glass ' 
Artificial Human Eyes Exclusively ' 


MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


= => 


PREFERRED CASES CAREFULLY ATTENDED 


‘ 665 FIFTH AVENUE NEW YORK, N, Y. 


AND SATISFACTION GUARANTEED : 

EYES ALSO FITTED FROM STOCK 

Plastic or Glass Selections Sent on Memorandum upon Request : 
j Implants and Plastic Conformers in Stock ” 
FRIED ano KOHLER, INC. 
near 53rd St. Tel. ELdorado 5-1970 7 


SURGICAL INSTRUMENTS CoO., INC. 
520 FIFTH AVENUE, NEW YORK 36, N, Y. 
LONDON ESTABLISHED 1875 PARIS 


CASTROVIEJO 
——-DOUBLE- 
| BLADED 


KNIFE 


Dr. Ramon Castroviejo 
New York City 
Used for corneal transplant operation and at wide extension for . 
making parallel incision for dermal graft. The original model was Price $40.00 
clumsy to use and difficult to adjust. This latest model with milli- - ; 
meter scale (not shown in illustration) has a rack and pinion ad- Supplied complete in 
justment which separates the blades, and a knurled knob to lock case, with 12 blades. 


them in position. e blades are also held in their slots by knurled Catalogue No. C-5048 
knobs. 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
problems confronting the alcoholic are discussed. 


All of 
these articles have 
appeared in TODAY’S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 


. lationship betw Icohol, di irrhosis. Increasin 
end ese now sveilable Relationship etween alcohol, diet and c g 
; stress on nutritional differences. 
in one pamphlet. by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 


by Edward A. Strecker and Francis T. Chambers, Jr. 


ALCOHOLISM 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 


an by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today, 


its development and correlation with personality factors. 
by Walter L. Voegtlin 


problem 


INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


in today’s living Comparative differences, in drinking, with 


the last century, new establishments and methods of treatment, 
lack of trained personnel, 
by E. H. L. Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY SO CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 


8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 


A discussion of the dangers of mixing alcohol and bar- 
biturates. 


Donald A. Dukelow 
4 pages, 10 cents 


ADDRESS REQUESTS TO: 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
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Its length of 30 em, 
permits a more nearly 
perpendicular position 
and makes deviation 
more evident. 

Folding type 
lightweight plastic. 


Journ, of Ophthal. 
Vol. 43, No. 1, 
Jan, 57 


E-#132 


Exophthalmometer 


LESLIE C. DREWS, M.D., St. Louis, Missouri 


E-5984 A new, simple, reliable model to 
permit comparison and even calibration of 
exophthalmometers, It can be sighted accurately 
at right angles, as its 50 mm. width provides 
excellent parallax. Has a simple second sight- 
ing device to facilitate holding parallel to the 
visual line. 


Complete with case, $20.00 


E-8124 MODEL EYE: enlarged 5 times, on 
base, mounted on bone, suitable for teaching 
purposes. $56.50 


E-8132 MODEL EYE: enlarged 4 times, un- 


breakable, can be disassembled, $27. 


4570 Audubon Avenue, St. Louis 10, Missouri 
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NEW Modern-ized Trifocal 


ae Designed and made 
exclusively by 


MODERN OPTICS 


AN EASY-TO-GET-USED-TO LENS FOR ANY PRESBYOPE! 


1. Clinically researched arm’s-length field 
size: 13% more vertical field for average 
pupil-diameter than the usual 6mm. . . less 
encroaching into distance use than a 7mm 
. . . widest horizontal arm’s-length field of any 
25mm flat-top seg. 


2. Zero jump from arm’s-length to reading. 


3. Akro seg glass for minimized chromatism, 


threshold-welded. 

4. Corrected curves, of course. 

5. Available in 50% and 70% additions 
for arm’s-length. 


Ask your quality supply house for the quality 
lenses made by... 


BOX 1417... HOUSTON, TEXAS 
OT ge SAN FRANCISCO e CLEVELAND 
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CARL 
| VERTEX 


REFRACTIONOMETER 


A small, sturdy, well-balanced instrument ideally suited for the ophthalmologist’s 
office and optician’s shop. Can be easily operated by nurses, secretaries, or optical 
craftsmen. 


® Convenient and exact readings at a glance. 


® Even small cylinders can be easily detected and accurately measured. 


e Target image as well as refraction scale seen in the same field of view. 
© Built-in illumination. Fully dustproof. 


© Guaranteed uninterrupted repair service. 


MADE IN WEST GERMANY 


Write for detailed literature and specifications 


CARL ZEISS, INC... 485 Fifth Avenue, New York 17, N. Y. 
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THE M-1 
STRONTIUM-90 
APPLICATOR 


For treatment of superficial corneal diseases 
by beta radiation 


Our booklet, “Radiation Therapy Sources,” offers 
valuable data on beta radiation treatment which will 
be of interest to you. It includes clinical data, indi- 
cations for treatment by irradiation, suggested dosage 
table, U. S. Atomic Energy Commission regulations, 
and a description of our improved M-l Applicator. 


Write for it today. No obligation. 


WELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS HOUSTON LOS ANGELES ROCHESTER, MINN. 


URGENT REQUEST 


| The Uveitis Laboratory, University of California 

School of Medicine, San Francisco, is interested to 

| obtain freshly enucleated eyes from patients with 

all types of uveitis and other endogenous inflamma- 

| tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 

| frozen, but placed in a sterile bottle, packaged, and 

shipped as quickly as possible. Please send speci- 

mens air express, special delivery, collect. Enclose 

history and findings and mark the package ‘Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 


Most modern offices and factories are equipped with the | findings, including a slide, will be sent to the con- 
best in scientific lighting facilities—but, they reflect on 

surfaces of glasses. These “GHOST” reflections are | tributor. Credit will be given in any resulting pub- 
annoying and contribute to fatigue. MAY-O-LITE 


coated lenses can help eliminate these annoyances. lications if desired. 


Complete Your Professional Service By Adding 


Telegraph collect if specimen being sent. 
The Best in Sight | Send eyes to 
MAY-0O-LITE Samuel Kimura, M.D., Michael J. Hogan, M.D., or 
Low Reflection Coating Phillips Thygeson, M.D. 


MAY WEE. Box: 1961, tte 1, University of California School of Medicine 


San Francisco 22 
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ymptoms controlled... 


ocular function often preserved. 


in the more severe inflammatory eye diseases 


prednisone 
benefits confirmed by mounting evidence! 
One report after another attests to the potent anti-inflammatory action of METICORTEN 
in severe inflammations of the anterior ocular segment, involvements of the posterior 


segment, and diffuse uveitis. Many cases failing to respond to older steroids have 
shown rapid improvement with METICORTEN.* 


toxic effects minimized 


Unlike therapy with older steroids, which must often be withdrawn short of full remis- 
sion because of certain side effects, METICORTEN in average dosage usually does not 
disturb electrolyte balance —can be used in more patients and for longer periods. After 
initial control is achieved with 20 to 40 mg. daily in divided doses many patients can 
be maintained on a dosage as low as 2.5 to 5 mg. daily. 

(1) Leopold, I. H.: New York J. Med. 56:2803, 1956. (2) King, J. H., Jr., and Weimer, J. R.: A.M.A. Arch. 
Ophth. 54:46, 1955. (3) Gordon, D. M.: Am. J. Ophth. 4/:593, 1956. (4) King, J. H., Jr.; Passmore, J. W.; 


Skechan, R. A., Jr., and Weimer, J. R.: Tr. Am, Acad. Ophth, 59:759, 1955. (5) O'Rourke, J. F; Iser, G., 
and Ryan, R. W.: A.M.A. Arch. Ophth. 55:323, 1956. (6) Mosquera, J. M.: Dia méd, 28:38, 1956, 


METICORTEN®—1, 2.5, and 5 mg. white tablets. 


“Meti’’*steroids mean minimal maintenance dosage. fe ° 
CT 
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For the doctor who must 
do his own dispensing... 


Master Styling Room Ensemble 


OPHTHALMIC EQUIPMENT AND FURNITURE 


@ Today's eye doctor must satisfy the growing demand of his patients for 
fashion, style and service. And at the same time, in the interest of more 
successful operation, he must increase his own efficiency. 


After several years of research and study under actual operating conditions, 
PROFESSIONAL SUITE presents this matched line of equipment and furniture — 
specifically designed and engineered for the modern styling and dispensing 
rooms of modern doctors . . . sold in matched ensembles for large, medium 
and smaller offices. Individual pieces may also be purchased. 


For further information on color, wood selection and 
price, discuss PROFESSIONAL SUITE with your 
supplier or send for this illustrated catalog. 


eeeeeee ee 
Professional Suite, P.O. Box 66, Minneapolis, Minn. 

I'd like to take a look at your PROFESSIONAL Suite catalog (no 
obligation, of course). Dept. No. A-107 


NAME 


ADDRESS. 


P.0.BOX 66 
MINNEAPOLIS, MINN. 


See you at the Academy of O & O Meeting. 
We'll be at BOOTHS 85, 86, 87 
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when 
individual needs 
determine 
lens forms... 


presbyopic cases. The larger-field 25 
especially useful where greater read 
or necessary. All segment sizes are on 


6mm Tritocal 


Straight-top trifocal, 22 and 28mm 
segments. Most nearly ideal inter- 
mediate for normal usage. Where 
larger reading field is desired or in- 
dicated, specify 28mm segments. 


Smm Trifocal 


Straight-top trifocal, 22 and 28mm 
segments. For cases where a wider 
intermediate is indicated, as large 
pupils. For desired larger near field, 
specify 28mm, 


Also available... famed Catarex 
T temporary and Catarex D 
permanent cataract bifocals. 
Lightweight, cosmetically 
attractive... versatile! 


Most Vision-Ease multifocals are 
available in White, Tints 1 and 
2, Green 1, 2 and 3. Be sure 

to ask your laboratory about the 
famed Vision-Ease Special 
Order Service! 


For satisfaction... 


There 


“no such thing as 
“all-purpose” 
multifocals! 


Straight-top bifocal with 20, 22, 25 and 28mm segment widths. in 20 and 
22mm segments, Vision-Ease D is a standard for the majority of normal 


and 28mm segments, however, are 
ing area or near field is desirable 
a full 58mm-round blank. 


Cc Segment 


Curved-top bifocal, 20 and 22mm 
segments, for the refractionist who 
prefers curved-tops, or where pa- 
tient preference or habit patterns 
indicate this type of segment. 


Straight-top trifocal, 23, 25 and 28mm segment widths. Many professional 
men prefer 7mm intermediates for the slightly deeper intermediate field pro- 
vided. All Vision-Ease trifocals, 6, 7 or 8mm, feature 50° intermediates; other 
powers available—usually four to five days delivery to your laboratory through 


BaR Segments 


Ribbon-style bifocals, 9 x 22 or 
14 x 22mm segments. Useful where 
distance vision below segment is de- 
sired or indicated. Optical centers 
can be placed as ordered. 


the famed Vision-Ease Special Order Service. 


Manufacturers of a complete line of quality multifocals 


Double-segment bifocals in many 
styles but usually ordered as bifocal- 
over-bifocal or bifocal-over trifocal. 
For many specialized occupations and 
varied uses. 
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LENTICULAR 
CATARACT 
[| | LENSES 


thinner, lighter, 
more attractive 
cosmetically! 


Titmus fused lenticular cataract single 
vision and multifocal lenses combine 
excellent cosmetic appearance, 

highly efficient optical performance 

and traditional Titmus lens quality. The 
distance portion features a large 

34 mm barium overlay. Barium segments 
are 22 mm. Trifocals have a 7 mm 
intermediate with distance optical center 
set | mm below the top line. Made 

in White and Velvet-Lite A. 


TITMUS OPTICAL COMPANY, INC. 
Petersburg, Virginia. 

Manufacturers of Opthalmic Lenses, 
Frames and Sun Glasses. 


SINGLE 
VISION 


STRAIGHT TOP 
BIFOCAL 


TRIFOCAL 
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